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.A^j (j -1»1 Oji 4-^b-S/l f-Lj^iJl * J j Cj Oj-PjJ £.1 y *- U <w-»L^Jl \X& *PryJ 

0 

. Jj ill ^Jjtl]l 4JLj <j jl CA-^Ui-1 ^jjjJlj tbbLcJl L_3 j < i ., <a l l bajl <_-jll5sJl I-La C~^ ^ U^*- 

. yup <wjLJl *)L*15^ oyt*Jj jlj AjI-A-JI i y» I AJ" 01 oJlIp ^ 

jLi^-i Ju <^1 ^1 p ,j53 j . o>L^?L> J l ij jJj jAj ^ja U^lj c-uS" lil yup c^LlI j OJO&L 

WllL 90 OlT 1SI . J ^AJl Jl Jli^O U*i JaU t ^ ^UJI 

Jl IaJLp Js- tA>x->^ aj 90 Jl 75 JLp cJUfl>- bl . JaU- La-Up 0 ^xi*. tU^ — ^ 
<u j" ' Ujl aJ^AJ ^Jil ^le- cJUa>- lil y aj^ <3 •_}»■ _jll oUb—i^l J jSlI <— ^ — Jl 
.jLe <_>LJl ^jJb- 01 N1 Old* Ui t-^Ul A,u j ^Ll jW^NI IJ ij*. >1 oli^l 3 

<a <* 

^fb J***-j**J Aj jJj"*aJl <•—■>! jLjl vili bU b J*^ vi-Ui 

blta yS- Ldi lii j A*J ^A oL>b jJii pJLcJ A ~p\j J\ oljt^il l / 2jo . villi £ 01 y~ £ 

. 4jjjliJl t ^ y+j>*A j^P^Zj <w»>L^Jl 1-La (J3 Oobs^L Jl ^jA *>--} y*Z) ^y*S3 

.oUl>*i/^l aJLi—Ij co»1jLi>-N1j caJUjOI ijpr jil oljb^-L*^! y* ^jIp 1-La ^ y — ^ 

Ajlji J 5 jo>r ^>1 0l>«-^ 4 l a>-^j .SL-UJl oljLi>-Nl aJLl-^ A^Uio* j c^ljbi-1 di-bc^ aJLl-^1 o-La 

o-La ^Jyjo j jjP ^ J,A/a.al l ^yaJ ^ jaJ 01 i yu Lc.j . Ap- yjL* & y>r y±\ oLL>iJl/^! — 9 ( J — S** 

^1 Ajj^Vl Japlj oJbj^s-1 < r z£'\ (.yr jii 0bt-^*N! tjAL>r OJLl L* Jj — p .oUU*; *N1 

✓ 

AjU 03 ^ j j-~~* aj j^s-S/1 . AaI^ULI aj j^»rSll apJJ *^| (O^J tA^twJl biJflLRj J — >p 

.Aj^twaJl Aj ^-Sfl ^JLp J-^aii) L*j^U JjI .^L^]l 

Jjc Ol jLji-1 2>JjlL+ jLj^p! . y~*p c-oUl Jjt> A***wJ j <-Z>\ y 1 Aj^L) ^1 IJLa aT {S yr 

dj>- jll oUl>»i>Nl i^blSJ -Uj j Aaii jil c_-j1 OJjL^I <Ai p oljLi^-Nl a -L a ^Jj ,<wob ( J S" 4 AA 

.^1^1 ol^l jcJtt -Up ^1 JJ AaJ ^ . M UL^'' ^Sll oljL^l .J^w -alii a— v»liM 

A*-La1I A^sfcjlJl .Ajfl-v-*-Jl lol >^3 all £ OJb* . lJa.lT tdj^r jil oLl>»I>»Nl aLl—1 Aj yup A>-jJU C— «-■ J 

. (woL^Jl AjLi aj ja-S/I 01 <s 1 ® / .^u?w aj j^S/ 1 ^Ljl 0 01 ^a 

Jil J^Lio oLO^loj JLp ^ ca-Up aLlv-^1 .a^IjJlJI Ij jJlII a -L a ajU j ^Jli 0l>^*l -U»rjj 



jldl j J jVl c^Ul JA A^Ut^i aJLl-1 JLp ^l*Jl OU^NI iS y£ .*yr >1 oLUi^Nl <Lt— .0 

t<— jI^jS/1 oIjL^p! ^cJLoj -Ajijj te^ljjS/l Or 4 L*JUp 01>«^>N1 1-La ^Jj . c-JU — Jj 
.[pty^p Ajyr^l\ JA Ajllb 75 OLS^ li| A JCJLA Aj^*lJl 0 . ajO>r jil J yppS\ oUl>iJL*l 




AaJAa 




oLSt>*l*^n J jl^JLA^y l 4J3T!-*!!) j i<*yl jO~ tjJljJli yS\-J 

Ai .AjL ^ lai^ Ajy*-fyi J> *AjS . Lfelp <3 oUa>-i aJjl*»S/L| hi Uji oj — >r jk\ 

Ife^a? y A5K-i jJJ ys^>- J UP l^JLSLc ,ol ^ 0%' jt ^ ^ ^l$Jl j jLl>*Vl f-halj l_~P y 

. 4-j ytll ^Jj J jj (3 J d yiJl ^y»\^A J>lpxl5 Aj y?^l ^rl y 0^ 

* * e 

la « «/* i *)J . A-#15^ L$ Aph* 4-*m\j2 3 *)\ A^2.t » l <jl l ^ ^ y . .tAi 

.0 J oIj ,^iaJ£ ^JLaJ . IJL>r Ujflj c jSj ^ z^nJ j .oilil y^jjJ hi J lIJL— ■ ii ixPl Si^JL^ij ^^Ip 

* 

^ O^hlp ^yp *^i3 coLl«Jj L* ^ _ j ^ -** 1 ^ * -/^ ; 3 A*»w^jJl Aj3j ^ h ^ oJL— A 

.pjta A-ta- ^4 ^yll^Ji O^ A^ijjJl $jj.AJl 0-XA (jJjLii JULP y^JT 



a A>JLjL»<A ' OljtJU^fl ^J^r' £j* ol>-i y^/b ^ r ->- y 



jU- 
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t-jjjA <1 liif 4^* oU5" ) JJ j ^1 JLpt) 0*>l*ui l5 1p J o^ixll c$ 

?.i\ j .'V y , 

4^L-oM oLLjJl y {£ I j^P ^Jupi ^1 y r O^Lp) oV Jjfif j lti 

.« £-* J 4W> t£*Js*l ujj-i ,4jwajl ji 4JM*dJ ^ 

j£\ f' ^'y!> j' *~H' ^3^3 tOL»-S/l J l* 







V 0 M V •(”) £ d jl^U £■ JiCj .(+) ^Jri 5 jU<Ij 
J- ix ^ jh j <j^ w5 _y ( x ) 4 j>?* 45 

* % t c j 

lp^-1* J>Uil 4jll$y ^iJi ji t oV ^>*1* OAP jf J y»£*} 4 0^t*Ull -U j 

cil **- *?& _} (I ) 6 ^ jjy* j C)y 

Oj^j ci-^^ dAi^il Ja->- ^u^x**aaj , L^jux 4 < Ip 

Ji cf^> J (c^ 11 j & r^j j <ij>*» 

iS jr* o^aJJ jwu ^jJij *y> y AjU^j AP^w* 




jJJ y : jL# 
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Sj^u LA ilvu l)LJ*I 


4-7 


£ 

Aaj jl 


(2)(5) jf 2 x 5 


4— ■*“ L_-> OU-ll 


2x 


X jL^I 


2(x + 4) 


(X+4) jUll 


2/x 


x ^ j~Jl* OLjI 


2 1(x + 4) 


(jc+ 4) (J-c- 4-*j— jl* OU 


3 4 


4jvjf 3 y 


4 

j: 


< 

4*u jl ay Jt 


(* + 3) 4 


AajjI ay (jc +J) 



A £jV41xaA {jlaftj 



lit iij-N .il-U-l Ja_i> i^> yS- ^\ o»N->L*ll jiuu aJLfc 

3 = 3 

3 + 5 = 4 + 4 

1,000,000= 10 6 



- (- 20 ) = 20 






villi { Js- ili»i *Ju>i_) ,j£'\ 



3 +5 = 4 + 4= 10-2 

1,000,000 = 1,000 x 1 ,000 = 10 3 x 10 3 = 10 6 

-(-20) = -1 x (-20) = 20 

j .ijS Sj O viijj jLl^l jt ^w»)_jJl ^ 

Jaii c^N-iUil «1 a 0 _j£j . jl.u-1 ^jIp Lillis' ^ _^-j c->N ^jlc- oNaUil 

* 

^X_C ^3l \jI l) V l)Lj>- (3 C-^ y*lll a-LA (j L *jlp 

-Ij'il ^Lp Oj^iLaJkl ^yLiu aJLA . *V ^y«jJj OhJLa^ij jf 

x + 5 = 8 



x = 2y + 3 




Sotyj iO*5IjU 11 : JjSl' 



x + y + z = 0 
x 4 = y 5 
y = 3x - 5 
x 2 + 2x + 1 = 0 

<» & 

. AjJLjAS^ 4 — ^ J APy*^- LlA (Jj £-Aj aIjL* dj^LyP 4 — ^ 3 ^jjL^J 

>V L* Jl ^pb ^yai J y>rj (*AP JU- J oAyuLl j C-J^l Jy JaljU (/ jA J 5 

* 0 

.L-^S/I '*£’ y*£: £jA <J$ A*jl J J J^‘ . A**b*Jkl JJL^J 

Ij yp bl 299,792 L> yij jL-J ^Jlj) fA y^ <J *pj~* (Jj yy c y* ^JLiJl Jb — Ll 

^Sll c^Ul t e y> ^1 JUli .(vibKi l*p U> il 299, 792, 000 j t^bib 

. L> yL' 2.71 828 c£jL~j c£-b'j 



A hj* iijtt ^jm\\ (Jloxj 

dljl**Jkl djL*i^ <— 3 JjsS\ <J5 cl UhJLjj^- j! jll a~*^J1 &jj Lj y> L*Jb ^*/a il <J§ 

cju yu' jy- <k^ai\ jP jwdl ~tP y* c_j jjall j a~>L ^J l ol jL*Jl J& — *-> j If* — v^jj 

,ob*^Jl ^ji£ bL*j tSj\^\ <-jju c^ji jiil 

^ b -((1-1) j£-*Jl) a^L^ aw> a^Lh yTl 

* 0 

j £s+m .dJpliJl [ Js> (S* L^UL* (jb^b) *)bj? /j j t(jli^ }L) ll aJ pliJ 

:(Aaj jil jllA'lj) A JJaT.-li Ap-L^ LfeJjp 

A = bh 



nr 



h 



A 




b 




'A AaLuhj t/; aJ^ 1» jlj ii 1^1 jl* aJc.lL Jj]n"n,>i«i :(l”l) Js2*fl 



U a4L!L- aL. 



oJpli J jU !Aiif i ^ .((2-1) J^-lJl) o-L^. ^__ — ^ — J 

LaJjp l . aJpUaJl ^1 p ^Jy*lp U>»L2> (jLl«S/Ij) h t(jb*S/lj) i^JjL_Ll 

(Lu jb.Sfb) ^ A^l_ 




h&r\ j* : jLp vU® 




.A A >*4J th £ tiJylj i b A^C-Ub ^tft* t^2“ 1 JSoJJl 



A * bh/2 

£ J . . _ ll (jf jj A .,1 *\J^ J * ***^ ^ AS'^n fll i 4jL ■ 1 Lj 4a1aiL.I ^jk-N. . ! • y*' il j^jynj JL>~I i 

j j >ii t dtji-\ jSLi .((3-1) J5LUI) (t-ii— * (U Jj> y (oWb i t;U l* 

i« ;v a'U (jli^S/lj) j ^ijjl »Jl» j jL-Jt ' yi d ifl—Jll ,(,jjI^iJIj) 




0 




/ 3»y*i s ^Lc. y*-u ^ aALm*-* ^jiTi. ^ic- jjJc. a :(3 1 ) 

d - st 

CjI-I-*- ^Jl !4 jLL-J1 £ ^aS\ fjyi l ja\ b| -1 x»-t>^— ^ 

JoJ yJ .4jLdL jll>Sl If Ji ^iaju j £^1 jiiL • yjJl Jajuj £jLl*S|W Lob Otil — Ll JoaJ . LfrJa. 



j*j 



^jX-C .^-Lail* d ij? j 4J ^ yl *-u> yJl> ^ je-JtJf (S j* y* J* L*^ liL-J' i>-l— It 

. Jj y*-lil J>lyu cb yu ■■ ~,-jt y tjbol <■ .. l^a 1 j . t^jl jjl odd A i < d .lb 4 J y li b <- *" - - ^ Jj y£- 

j.a!jp 

^li ] ^ Jt A^\ Ll 4J ycf. y bJjI .(1^1) L ]^-iJl Jl 4- »C J £ 

■i^-y . iAJ Jl C->L^»y ) JL>-I ,il yd l ftS' jJUl <j\ JU- J 

J* (l-l)J^J' J 4jkwajl i-£-lw? fl^Le-l L^jC idj .-l>-lyil ^y- yd l J <aj y 1,550 





:JjSl J-a/iJl 



p>% JsJai-Al * UjN ^ hJ^Jj Jski-It iopU J>) !5bf b j£j : Jli — It J5Li — S( 

i# 

(a*j \+p jJL) A o-L-w* Ujlp j ySc-x .SjlpUJI JLp y»lp j£Ljb Lxli* 

AlF 1,550 M 

^ y£ L*JLP Aju ^ ll Av? yJL A>-L-%ll yu jl -Ly jJLI { Jfi yil .(2“!) ^J^JjJl (J,| iS y*j d j* ^li»l 
i J^-I^jl £-j Jl} ^JLill Jj Aju jA A^a y 144 Ja^aJlj -l^ry .^-LsJIj ApLaTjIj il J L tl l dUPli J yL ^yp j ±» — *lil 

vlidl SjlpIj J ^laJ *&lC b <y£*l : J,b]l J^LiJl ^^Lp (2- I ) J aL* 2 Jl apL-^j S^IpI LuSu:.. JhlL j 

<> * 

Ujlp j y//c^ .dJpUjl y\* J£-Lj Lx Li* (».~l - ) Juki l y&£ /j — 5j t(^a — aiL) 

:^(aju JlI a-^? yJl) ^4 cJhll i>L* 

A = 744 M/2 
= (744/2) bh 
= 72 M 

5jL«J| ( ^Jl Afb-Al k_J5 yu jl -Ly lLLI yjl ,(3“~ 1) ^J^-JjJl ^ (£ j>-\ 0 jA j ... Jfljl 

JJJ jx aJ*>U)I yu jf tjJUS Jjui] .apLJL yyjJl aJ^ fJJilL ap^JI yp yyiJl JL p 

^•XaJL cy ^JaJl yy tApL-JL J,! ^L)L Jjy»«J . iJltiL ^AiJlj ApL~ — lL 

tAPL-JL ap j ~ Jlj c^JlLj 43 L-J.I j yS^L> 1 l,^ yj *> Aiji yi* Lajlp ol-L>-^il j — u-j .0.6818 

ojL-Jl jl J 9 J^p (3-1) j AiwiJi ajL£" olpj . apLJL ja^\ j 
5 yuj !>bf t *((3-1) j) f^p Jij? JLp (aJ^L. (*JiiL|) 5 otf AP^ 



Aiu^aJL S yuii j (JAL) djLwJl LfiJai ^il d a>LJ.I Ujlp .(apLJL) L 



AJL**> Aw*j 



J= 0.6818 st 

k$ O^L/? yjl ^wXP l- j yu jl yA A?rll^- L* j] . a 1^^««) d*L& ^*1 yP j^L^C 

d*Lb tl y^L ^ yflj Ji .APLJI j ^jl _yjl 3wXPj i ( JAl k5 ^1 JjS/I ^JIPj t^JLoll 3 oU^yJl pj t J ill 

^1 AijJl y* y5l AiJL Jj yjhJl J*l yP J yvSuLL ^ y JJ , 1 > < > « a% > l ^ L Lm_^^L| 

.Lj*> UL^Jj 

^Jjy^ oLLJl wXply yPy cJslLI . L^jL d yL Jj y>*Jl ^1 y — P j j 5\J 

^yp j.1 *^S_ AkL«^J icZ^LLJl ^jA jji^ll jJL> Ly Ik * ,Jjl<A^rl u* ^1 ySfl 
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(p-gjJj ^Li yP 4 *£^L 5 ^S /1 i— ->jJl C-^-A^-jJl ^jP <j jwcJl (_£ jji- i— 1-L LI 

L^i ^ ^j^****-! 1 ojI^LaJI / ^-Ai ^ i •— - jL^JI Ixa ^5 ^*-i*Jl ^j^*Xijl ^-1 p - -• 1 d » 

.*4~Jl 



J Jjai« ^jVl 4^V Jbu* 



U» £-iy ^)l d (^1 t j^S/l Liij c^V^Lil ,_a .:.^ i t-? C - 



*-J- 



f * * 

J^-C.J <*t- jjJf IJL>~Ij y^*cJ> Liu I Jj*-!j (J Z?r jjJf iJjLiLA ^PJJ . y>i_L Ll 

: JB ^U5i J5LiX L^LiT 

ax + 6 = 0 

* 

. ^-L*j ^Jj*- L*Jta i-L* L/* 1 1 .(J xj {j* bj o <1)1 lL— >- 



J* u 

J^-iJl) ^iJj’S/i c£-Ul ^-L*M 4jL ^jLjlJ-I jUxJi '^eujri j jfr^ J — ^'“ C - 

■; a-XAj .i^Aj-L f jaa*** La L^jj L*;-" ;‘ll; t-lJLJi c.L>«jS/I 0 ^J»L ^pjl — ** .((4— 1) 

.7Cj (2 -s^aU ^ah yJi t22.55j 4“7y *5y <0 ^IjpS/i ^p 

^*JjU ^JaJI y> t* ,-l jJjJJ ^ju jjl jJlLI -Lp c"^LiLLl j^p" ^JoJl A^io Up Jpl — £ C-£" L] 

iJLP L_Jl^ jJp (_£t V V- 1 J-UJl Jp C..ly3>- 4 . M ft J 4i L>) ^ jjl 

«■ - / , , 
j-LLt OJ . yi^s ^A jjL^> ^ OJj ^Uajl u> j> iJp iJLP ^1 ** J j a 

.(4-1) (j p .67 . ( jp ^aL^ jlSL (j c^3 ~ ^ 

< 1 I I I I I H I I I I I I I H ► 

-8 -6 -4 -2 0 2 4 6 8 



. ^ L- Jalij^ Lx* jjj j 4-iiy^kV jl^Vl (Jjj-*j jj^-*j :^4-l) 



^yu 4 ^ ^]aj ^j«X. jOu ^Jlj c AjJuiaJf aJL^^JI jfJ-£ tyl P *lt ijp ^j Li>-^f jJU y*:.* 

■Ij J^>^. J,jS/l L>r J_lj\ ^Aj ILjJ^I Ju ^Jl 4*.^*.U ^_yu j^l Lp^ . L i.dv - jr^p 1 



. Jj=>- 1 



4J1aVI 

■Ij JjS/1 5 jtj -01 tjA j>LJl ^UJl l-fL_^ L/^- ^ T - — *" 

^a 4JLjJ\ 






c x — d 
x = m/n 

(JjS/i <>rjAJl o’VjU^ ^ 0-^* ./7 ^ /7j t/Mj trfj tc 0J 'Ju ; — >- 

4x-8 = 0 
- 7t x = 22 
3ex = c 
X = 7t/c 

cl* ^Ja5 Jl ayUJl ia-^ v-J Jii 4j £ LLuljlIb cj t£j c7t tO^:l — *il oi — * j 

.£j 7t OjI ^ iii Jj>r jj ^ . c-~-j t ^4 c-UajaJl (j «. 4P ^ j t ^ ^Sl' o-l — 

: JjcJ/ iTOP L^jljJb ^P-Uj 43 ^ ilJLPl 

jr ^3.14159 
e ^2.71828 

jJl 2 >Jl£ 1 lil ^aa t^\ c *_I — j liii ^y+-£ N . J L> jA j jL~j> 43jji*ll aijLJkl Ojl ^ — *J 

<S 

:(km/s) AJlilb j' (mi/s) ^ ^ <up j*»dJ 

c ^ 186,282 mi/s 
c ^ 299, 792 km/s 



> 




^Js' oJj>- ji j^Oi J! .4xw? J>) tgJb y2- aJljl^-\ <j t Jj>«i£. 4JiU^ J — J- 

^j^axj Jj>tjj 3JLP ^ip i^jUrl <3 OjLjJI ^alo j jl oijL—Jj ©jLi^ j ~* — < - iUM 

4^3 ^jP OjOtil ^ip J Aa J-SeJL^Ai 

. <j Jb Lg^aJ 4iL,i>] ® 

. SjjUli (j Jb /jA L fr ^a i 4**^-)! ^ Jb ® 
4*^SCJl) 3jjl*il <j ^ u ® 
4*^£Jl ^^Ip Sj^Uil j IU_i • 



t^lJLPl oLjI oJla ^1 j ^L-ll j! J Cr 

{£ ^ ^jip j A^b 4-*--*^aJ| I 5-Lil^l J^r^j 

,43yc* jaP yls^ ^gip : la.^o ^JJii c r -^- jj .aJL 




ho?\ jA : jLj? <^4ll 



'ij> a j* ' Jj iil—Ji o^^aa3i (j o^iii JL>-LJ 

4x - 8 = 0 

- 7 ix = 22 
3 ex = c 

x = n/c 

:4 ^3iUil jjo ^ — SJ f ti J> Jo JSA 8 ^ JjS/' i3^Uii J>- ^ ^ 

4x - 5 = 0 
4x = 8 
x = 8/4 — 2 

-1 iX*}\j ihUil ijjo f lk { Js^ ihUil jjo ^Jcj iJbtil ihUii J>- 

-7i x = 22 

- x = 22/n 
x = -22/n 

x 22/3J4I59 
x **- 7.00282 

£ J\j cljaiJt j t yO. J| X& j*m) c Njt ji-jcKi iJ^Uil J >- £ 

.3 ibUli jjo pr-Z jj t(<? ^ 2.71828 ul J-o-) e ^ *kUll ( « i-* : ? 

f .c ^299,792 fon/s ‘^bJL jL&b c ^ Apj 

_fex = c 

(3 x 2. 7/525) x ^ 299, 792 km/s 
3x ** (299, 792/2 . 7/525) km/s ^ 110,287 km/s 
x ^ (1 10,287/3) km/s ** 36,762.3 km/s 

oA> t_ lja~i ,jl ^».7 . v\j J*j2\ j 6 ol-X>-^Sl .) (jf ^ k ■»- V 

, * 

^-Jl^ -L*j aJ V t^JLdJ L-«Ji 

I >L j (-A ^1? (3 A.*... -.d ll A>1 A £• f.1 J>r)l t J\ aJ^IjlLI V 

f .c ^ 186,282 mi/s *<JUU 'A* j AjhJb JAb * ap^, A>- 

jc = n/c 

* ^3.14159/ (186,282 mi/s) 

ut — /z *L$JU £ tU-fc ^t-^5 ^ caj _/^) (3 jj ^ 





iotyj tj-AJtj : JjSl 



: Jl }jaj .(s/mi) JJb Jl .a, jJaii *-^-1 

x ^(3.14159/186,282) s/mi 
x ~ 0.0000168647 s/mi 

bl <J jl Jl 4 jJJJb j\£LtJl JLP j lAP^^Jl ^P j^Alii AotP 4 j5j J? ^iJUi JSLi. J ^ 

.Ji^l J AiL^ JUii^U 0.00001686475 ojJi L>j J >l-o aJU "* ^l" 



JjV>4 A^jlafl AajAH Ci iVjUu* 

Utp jl Ajid! 4*r jjJf <fjL*X. Ijj^lj )J j>*C* Ua»I J y*J> iJidl 4 *- jjJf 4 /.?(*> ^ pjb 

:^U( JSLiJb l^US* Jjlj 

ax 2 + bx + c =0 

0! /^U. .(* ^ajl ap^*- Jl U* C Cnbdl y ji N) . J JCj tJ ji tcj t&j ca jl d~>- 
iJi» O j£j N jl jl U^-lj J>- jf t jr^A^A>“ j*)b»“ O^Uil ^ ^jJl lJi — i 

^IjlpL J JU- ^ jJl 



A^*Vl (Jomj 

( 

aLjlJI Jl^-iS/1 .4 -*-; y Atabc* JjL-JI J^-jJl Jl L^L y£- ^1 

m x 2 + nx = p 

q x 2 = rx + 5 
(x + i) (x + u) = 0 

I A-^-; ^l5l aJ^IxII jP Aii^l oi-*j Mj tfj 45 J tTj tWj i/w jl 

+ 2x + 1 = 0 
-3jc^ ~4x = 2 

4x 2 = -3x + 5 
(x+ 4) (x- 5) = 0 



^ jjAill ^1 I^L^J 

^ JJ-I ija*- yj LI . JJ-1 yw 1 ^2m jj^jj ‘.J^l *1$-* 1 o^/aUll <Ja*j — & 

.o%.ui JSJ. Jl jf ^Ul JSLiJl Jl AbUil Ji^U^ Jj^l JJ-1 5W jU tULiff r pJ 

J>- JJ J^vs JLi L$JL>- J jLi ^5" ojJbUr lil .^-^La]1 \jl ? — > aj AjLL-J' J jS/1 aJ^UII 

, J4*~* Ajl AP 




jU l**r\ ja : jL* wjLJi 




: ja 2 c > ^Ui\ J^A J! oUi *kUll Jin 

-3x* - 4x = 2 
~3x 2 — 4x — 2 - 0 

:^> JT JA 5 c > f <akUll i)> Jj 3x ^UJl J5^t Ji dull abull ^ 

4X 2 = -3x + 5 
4x^ + 3x = .5 
4X 2 + Jx - 5 = 0 

O^^Ull |JU 0 j ^J^ia-aj .^*1 ^ * — ^Lmll l)J 

l^Jj . ( J-»*p i£^t Oj^ WJL>- 

(x + 4) (x - 5) = 0 

Ij] .\ jkj^ ^jOLaLuJt ^jA (^1 01^ Ijl t yu& aIjLJlI ojLil y^iSl* 1 *— ilJrl ^ fljL»]l j j. ^ 



akUll 






ix= - 4 



(-4 + 4)(-4-5) = 0 
0* -9 = 0 



itaUit jwu < x =5 OIS” bj 



(5 + 0 (5 - 5) = <? 

9><0 = 0 

* ' 

JfC-i l5^ ^ 4^j»-o yS\ o>*V jIxI^ J j^~ \Uj>t * — ll — * 

( JS^ (J c-fl ( l_JLJ1) ^^-1 ^^1*11 1 ^- iub ^p plJjr 

x ( x + J) = 0 

^ ^1p 5JL^-1 0-La (j L 

(x + 0) (x + 3) = 0 

.x = -3 ji x = 0 ^ J jU-i ot ^ j L)i i 

jAaj JL>-lj 3i^L*.*JLi JL# Ajf oit 1 jjb Aj I JLi ^ \j Jy y -LoJ * L ~ ~ — 1 1 ~ - - ^ Ijl 

(x- 7) (x- 7) = 0 

* *> * * 

L* fb ^A5"j La>- ^jij j ap ^jLLp- i!j\jtil olA L)J i Lj ylaj itiLij <J3 yji LaA j^w?L» J j — a j > 

> * * » 

,7 IJL>-\j LJLi>- LjjJLp ^L>- olit jf (3 J Cr*^J C,^ J^r! 





4*iSlj iO'iliUlt : J j*i' JUaiJl 



uJI 4jLud!) 

«* «»#v •» 

:11L L«*Vj /■> ojiUl iiJbJlj sjliJl .jyk'-* 1 ' J! lS j=^ *j* M 

-3x 2 -4x = 2 

4x 2 = -3x + 5 

jjyL# (J-* 1 *" ij.| U-g-L _po j 

-3x 2 -4x-2 = 0 

4x 2 + 3x- 5 = 0 

* <* 

jj,l UfJL J y>- ^^JLp ji Lij (3 5 

J&L 4jw? Jj>t y jj— yP Jf-L-Uj Jj AjlfJl (3 j .^>- V -1 ij 

JLgjJLl! y* V-X> 'luLiJiii 0 yj! 4jc*vaJl oJl* ^JL>«juw . 3 <-jcj yj) o'iliUil ^J-L —I 

• d^U- If J ) aSj ^3' 

*. J y*X£, Ajlill 4j>r J jji static* y-i d y jLlp'yi tjyt> j>- 

ax 2 + bx + c = 0 

&XJb ^taLtil oJut jU-l) ^JJ-I 

x = [~b ± (b 2 - 4acf]/2a 

<ij Jb d-L&j _y y ^ . ± y^3i jJ.jS/i .La <y£ ^ UlaiJ 

3JLC L*wUP .y^**^3l <3 oljLJl ja.»./a) Li| OjLp (3 ^ uy jL*3l ! S 

(j^iLaix* lu sjijLJi " 4 ^ jw^.u sj^uir 1 

X = [- b + (Z> 2 - 4acf]/2a 
x = [-b- (b 2 - 4acf]/2a 

Li y dJJS jj c Lw . Jg /* Ua^ iliii .(.£ y y£ L^Dl Ajai ; — \\ 

JojJ vJ'h J$~J' y <y j -U-' y >yLJ c^j — ^!j — ^ ^ — *i\ 

L Js - iwUJJ J*LL| 4 jLS" j5lc c^U .jjJrl fijL^I 4 jL^ ^y ^2 ®yjl 4 jL 5^ yU 

f-Lil-xlj 2 ^^*11 ^a]! £~o^L Liaji Jj 2 p-JA Jai? cti L .1/z dj t JSL^i. 

.yUaJl 



JUj^I 



^ y-i 0 y 0 JUb ya>»jl 



-3x 2 -4x-2 = 0 




jJJ h&r\ y : yup 



a = -3 
b = -4 
c = -2 



yjt 4«. v*ll ^ jiApS/l flAA (Jt>ol ^P 
Jt = { 4 ± [(-4) 2 - (4 X -3 X -2)] y '}/(2 X -3) 

= 4±(16-24)' / V-6 
= 4 ± (S f/-6 



^Jl jlJLf-Slf t jA aJI .“8 i-ijtLi -Li) 

* 

. LajLx* Lji* Uji>- 



"AJLlaJ jjc" jlx-VI ft4A 

jq» *•* h t__i t ** lj**-~ll t ^ -Aj ^ f | ^JLaD (e*^ _^*)^ O ^Sl 

* 

. uiJLJ Ju ^ jjL~- IJDj (»j ^LU ^ o^Lp o j— a^JlIj ■/ 

j Jju ailp q ^iLiJ-l iJuJl <-*£j .q l>* ^Li>- ->Aju j h-> ^JlJ^ jAp (^! ^^Ip J 

* + s * * 

-j jl~ q j-LaU iilUl i*-iJl ^3 (L)L- \.i.i>- bJLp q dif lil ,S jL*e jl L *- yA q jir iii ^jlj^ 

.;lL*Ji .Map^ jp — 77 c j </2.787j t-y5 j y3 :>IapS/' 

^ _a~- - - Oj . 4 r iLi^-l .ilApty LaT t^lJLP^l ^ -J T — * Jp 2>1 ApS/I *P y+Jr jAf £s. 

Jp-j <4 j y^Jl jvJl 7 JI (j Ljf j .^t jJl5" <j jlAjUai* aJLPuJI 2 >i ApS/ 1 ^ LiJ-l jU pS/1 

fiJL>-1j A m. \ 4 . 4 ■ Ar^-I^ 4 .1 .->-t 11 ^Apty JL^^j , ^_\^A ti~.^ a 1 * ^1 L*_^ ^4 j^P 

Otv^zJlj . ^ . d . ya . i l 7 , ‘ ^ * •* 

7'0=0 

it (^JbijiJl iJLitiJ ^LaJI if* iAjJi 

■T 

k = p+jq 

,<Jua^ jlJpt qj p jj <L-^ 

^IJLP^j/Ij 4.fl^i^-1 ilJpS/l y 4j JUL uJl jIJLpS /1 ipj-*-Sr (tLjjJlj J>“ i 



4j«^iJ1 .jL^S\ ^ J>\ JLp jU_L»Ui>j iuJli 4jjlj L*j o^A^Lij ^ Ip ^ l-> ^3l 

* s * 

^ 1JL>-1 j bJLip bJP y - 1 1 AA 4^ a» <j| .^3~ 1^ aU^ a A*\ jlL* t.~jl . ^ y ~‘ 4 

,(_^ y^A\ ij oAj>-1j <Uij l^AaP 2iAP ( JS" j 




4a^I J c^oll J : J jty 




jIulaII ^ Lwj^j jsIjc-SH (JjAaj (j^oj :( 5 “ 1 ) 

.4-ftjU <jjl j \ a j ni tjA&unA A litJ yi bX^Jk 

4 j 1 £ \> ,^--- ; > J 4 -wljJO l .- & y Lc.j 0 *iH <— 3 j*j Lc. 

j* \jui j£\ a)^U 1) J^j UJ y’8^ JSLiJl ^JLp cLlte j( ^JLl^LI .(— 8)^ iS 

x = 4 ±j 8 l/2 / —6 



4x 7 + 3x - 5 = 0 



"AiitoJ" ^ i ^ 

0 iyfc (J,l J>~\ 0 jA Jfaj\ 



^ o%*Uil La 

a = 4 
b = 3 
c ~ -5 

> 

A+tuj j&\ a'* v #\\ <j o%*Ull Jl>*^ zyu 

X = {-3 ± [3 2 - (4 x 4 x -5)f J }/(2x4) 

= -5 ± (0 + <S0) K }/» 

= -3± {89f/8 




jil hor\ y : yue <-jUI 



Ail iS y iS 

Cj ^ ^ 41 



ALP j^tcS I JLP . y* AL^Jj i.A^ .5-Lp y^ 89 JOjiU y*^ l)| 

*-J Oy^J .OJj ollS" ^yXJ^ N ^j5Jj to yJ ^r^L • (_£ jJ-> Jt P J *= ^ 

.9.434 



xr - - J ± 9.434/8 

ji j\ C->LL_P fLill OjJ yj J^> ^yOJP ( _ f Lp d-P J 

( Jam, y l)( J^aaj tOJ^j y SjLil fiOA cJVS" bl ..JJ4 l5 1p aJI yrl ^ cj — ^y 

^LaII -L^lJ-1 ^Ja.;. m .7 oLLjJl f.1 y*r\> £*Py N ti)fy (_£ j->-l 5 y AJLO-Jl ^L«jSM 

Oy^ 14 



j JjaIaj ysH\ Aa jAJI £ja £j VjIaaII 



^tS"1y Ljw^ ^»*_p <J ^JLA-1 iA] ^yS^fy yS~1 -L>-\j <Jy^ALC. ^p— I L*JllP 

1* * 

JLpL-j 4^yJt . d JL^S^ ^J»- j yt*-Jall ^J^*Jly cOf'-^J'^y Jl -j eLco 1 , l»L a*j 

jly* _yp dj t-S^ (j*y>5J ap yi ^L p y^~ Ag^-ly* Oip t\.+. 1 »J l y ' 

— 4jx-jjJ\ t jp# u^VjLt//^ *Al (_z^Va Lilly il~&{j yJi LS^^jLtliy ( 4 j.j n^sJi Vj^// <-J> yti*^ . 

. Ok-JI o>Lv?Ij ^ il (j 4^4 JLo^* c^SvJ ^Jji-1 olJt y>r\ ii yi—w ^5\J j w 



4 nn^ill AJjU-aJI 

•**«* 

Zl^OJiL iJ^lj jl (J j&mjif. iiJliJI i^ryjUi iJsLur. t ^J\ *l ■_ * ^-ll 4 kLdl 

:JBI jSUj ix-jjJi 

ax 3 + fc^ + cx + rf=6> 

Jj yLl tUaiil j frjOaJi APj^ JJ Lk C y*y V) . J y*^» Xj dy cCj cij ca OJ 0^ — >- 

/ / * * 

J ^L^z'y (J,J 00^5*" Atal)t/» (_jJLp Ij^Li li *jS* 1^1 ,^L*Lp Lij\j ( Jic. 

:tj c sj <>r A*i-i U 

(x - r) (x - s) (x - /) = 0 

0 

0L>-Sfl j OJJi Oj^j yf' Jl 4J^L*il d ^JL p OAj jOi -L^Xxj V 

* 

. aL y^J Aj yiL^il ApJIj iS^Lp yp c-^o^r aJLaP (y^^y 



4j^LjA 4JjIjla11 



Z*jlj)f Ast - jjjf 



0 

iljbtlb jl (J IkjIjJI jjJf <J^!jlC. A-ply. ft 4 —,Jj>btli 




: JUl ^vLiJi ( J$LjJl Jp L^ijLS^ c Jj*-fj J 



ar^ + bx 3 + cx^ + dx + £ = 0 





J c£s*ll J cO*iiUl» : J jV ! 



t yLl J ip j-wJ La c y ji 'bl) . J y^ xj cc-o1jj ej ic/j t cj tZ?j t a jl cL*. 

aJLu> aJISL*! iJLA .(<JL-Jl IJla (j oIp c-jI y o-La Jjjcr Jj t L *-Sll Sj — pUJJ e j N J 

:uj t/j c.yj tr A*A-iLl J jLLi il£) ^->04 ^p pLu- Jl aJjUa Jj 

(jc -r) (jc - 5) (jc - /) (x - u) = 0 

cj^il^p *U* Jl V^oJl ^i_ ^ 1 131 jl~*£iSi Abi*ii j Ljf 0 * j — ia^ j jSc ** 

.tiy4~*j aJJ>- aju jl jLibj 



Aj^ml AJjIsla]] 

4****»UL-f ipt-j'UJf yy ifjbJib ^ dA-fy (J y>*JZ£. 4 ~*aU£-I 4a- jdJf aJjImX. I *jat\ A^'LoJ^I 4 JjLl1I ^ pJj 

: JDl ^%*LaJ1 J^-LJ1 ^s- I^ijLS^ ^j^Cj (.Ua-Ij Jjacx. 
ax 5 + bx 4 + cx 3 + <£c 2 + ex + /- 0 

Nj c JA pUaiJl j p ap j^J La c j^jd 'b!) . J Jtj cc~#l^ fj <.ej cc/j tcj cZ?j <,a j[ A~a- 

A^-LiU ibUil J>- iJlSL-l jl .(JL*Jl IJLa j a*Ip c-J y eJ>j ^Ll oJLa Jif Jj cL—^l oJlpUU e j ^ 

:vj wj c/j cr UJ> Jjl>- a~s>- 131 j aLw? aJI^Jj ^a J^l y pLl*- Jl l$L 

(jc - r) (jc - 5) (x - /) (jc - «) (jc - v) = 0 

Jl A~-UJU aLUII Jj c~*JaX*-l 131 4~p1j ^J l J A. ? ;»$dl ibljiil j L5** Ui» U jllp j j>s - 

.iLljilt Opji jl ly "JiJ-1 ^1^" ^j^ajb^sJJ .J^l y $.IJL>- 

n Aa. jilt (JA AiiljU4]t 

: JUl ^UJl JSLiJl jl>-1 j J w a^- jjJl aI^IjJlI i»L$" 

a { x n + 7 + ayP~ 2 + ... + a n _2X 2 + a^x + a n = 0 

* 

oLa Jj y£- iijUxj:. ol*Jl aJU-1 J Lilian £ 'Jl> ^ . J y*iA xj cc-jI^ a n c... c a 2 (-dj A\ — >- 

t._..I^7j .oJ^' yC- aJLjlJ i yi ^Jl A-/?liL 1 oNLLl yZM JL >- y C^l y $.lJL>- ^1 A Llicll 

l< # #< 

« 1-i^r 1 » ,/2 » ^L*-P jf y rIJ^xX^I oJL^S' 



/^pUluuJI ujLui^J) 

.ol^^lj aL jJaJl JyyJLL* jw»l> ^U^J> LJULc cjvatfll iJlA 5 jlJb j \jj $"3 

c^Jjl-ixl J .^jL^ijl^ tipj**Jl io^aJlS^ jA! jl ? j 1 

$ 

’Ajyh Li ^\ 1 1$-^ j jl LfL^ J^U.) ^*Jl Aj^L-1 40LaJ^*J\j iJ-wAji-l ilJLP^l LS PJb' 

. iLSvJlj c^jJlj c3jl >^1^" jAl ^13 jl oLT aJI^" oLLLJl yja . Jaii 




OLjpU JS am9t I jA : jiup cjUl 




jbuVt 4x*avt 

j*^- 4 (3 I xy <_£ j5 ^ Jlu c oJL«ljtiii ojL-j! Jl>- ' y I j S^Jlj & 

j j>pI*^ J*£ .(OjlSlo ^ Ji v~>) c5^-lL OL>-S/l ^ j dUi ^ ^ 

tc-ul ytMj to^ cJj!^ jSLio ^p Ja£ S^U iu-ity v J ^) -b/ a U^g* Jj ii 

Ij-il ^j^ 4 OLftijra*.] J^pta. J LS'' ^J^pLaJtJl ^j-Xa J! jJij Ut ,(^|jLa Jai£ d^Lp l ,_ J&j 

e> t> 

.U> Ua~- J %t£ ( 6 - 1 ) J^LiJl JW >ji .<J J iS Ji (0,0) 

S-^J *(*£, y b ) <^i]l b ^UJtJ] 4 jL$JI <J aiJj (x a , y a ) ^-aII a ^UJLlJ AjL$JI iJaiJ j( ^ ^il 

J^3 4 1 a I J^ 1 Lf^ a *1 d> 



y 



a + b 




M = (* fl 2 +y fl 2 )* 

b/a ^ j 

a + b = [(x a + x b ), (y a + y b )) 

0 

^vaLs^ b/a c<^ ^ c^> 

c£jt j ^ a + b 

4^aJb ^Laj^ (( ^A-i>- idP b^a 0^^-^ <*S*JLJt 
a. b = x a x b + y a y b 

# 

^pla-iJ! ca X b j j\£' ^.-. iC J i^&LxjUf tl-lA-b Uajl i^Jl^jjdi ^fJL^rf ^P<Xj 





* * 

J a ijy. 01 tjp . b j 2 l ^j^pLw-^Jb 3 *a^-I ^y^\S p Lo^Ip IpU*£» bj a 

i^j^plxJtJl *A5" (Sj£ (^OJl (3 (Ok 4-ii 4 ^jLi APLw«J| <^>jLaP y&ju A +m\jla tb 

^ *4 

ii-vaJU *uL jl? ^k*Jj a x b JtOtj .q 

|a x b| = |a| |b| sw q 

jUjVI ftuaS Ax/itJ) 

iJyjJt fjjl&jjl tLjijJb U^ajl xyz fr Uaai l ^^p-Aj .aUjMI ^T>li sU<a* <_JJ vilS" jl-U *. — 0"i/lj 

* " * t. s' 

.Ik-*-* !->*--> jj U*j (7-1) J^kJl ^w?jj .(# ,0,0) tail y a*-^o bj a y* j Cj^- 

.(x^, y^ z b ) U-il b ^U^IJ ajI^JI AkiJj (x a , z fl ) ***511 a ^U-iJU JblfJi *kiJ 01 ^ >al 

| a | JStaJl ^ip a ^UoOl *L ^k >^j£j 

|a| = (x 2 + y 2 + z 2 ) //2 

11 a a a 

\}j a 0 _>£o j 

a + b = [ (x a + x A ), (y a + >’*), (z 0 + z b )] 

y 




.A4i\ JZ&xyz ^ AjuiVl :(7-l) JiiS 






tSj* y* j la» a + b ^ j-*-^ dj^jj .^jjUiJ.1 A;*ivi> b _/ a OIpU-aJ' 
A*jv»Jb l5 U*j (cf^ a-ip ja xyz «Uai!t ^ b^ a jjpUjJL! a . b ( _ 5 UiJl ^1 -aA-I 

a.*=x a x A +>' a y A + z a z A 

*» 

^sy\s* <i! .*>Uj JLic* xyz *Uai3l j b^ a j^UoJU a x b taUakl *UJrl j>i*j 




jJJ y : jSL# uljl 



^ jJlj ib j a j_ ( j\pb**Jl ^y ^J 5 " ^1p p i^j 1 ' 11 ' ^ I ^*J-p 

|a x b| = |a| |b| sin q 

^LdjJl al^l 0_^o .p i s y~ i' ^ JL>U^ b j a typboJi jv aajI^JI q (— -=*r y sin q 01 C—?- 

* 

p <jy~l\ i Js' ^iybJl p- gAi .- l l ^Lp U iiii y bj a Jl o ^ bl .p is y-JJ ^^Ip \j * yU a x b 
tipLJl l_j jLip ^-^jy b^f a (ypb-iJl q ^jjljil yLi; c — «jj tijuil p <j ? £-* ^5 Oil j 

.OJUlyL Ujlp ax b Ob 



'kju*i\ IjS <j^4 

.i*A<Vl ^jyl yJl ^yaj*j aJLto . 2_> _>bJl ilJLpS/1 3j*-iS/l V cJLpt yJLl -/> < b JLp 

^■aILh AAju 

^\_*_J01 5L ji? y y? ^ y^ i^JLJl iJuJU Ljaji i <_£l ^ y? ~L — p 

obr'l/l ^yfCjLj y ^yJL~Jl iJLaJl Ob" bl yO V LjIj obr'l/l . ^OL*J\ 3JL*]i oJJOj 

.UL* ( y!iJi :>JL*Jl Ob" bl 

• 4o1jA-u 

« «• «• » 

ypb.0 b j a OIS" bl .4*U*ji 4-i i^iil y-Jyit j iiy^b i ^ -L p 

Pli 



a + b = b + a 



yb jj& 

kj IpI*-0 a Ob" bl .sJLjJI <0 y ^JLil y-0 yJl j }b iyJL- 



— £U-ui f 1 A^i 4 j\j ijl 

3-JLaj £^UA y> JLP 

Ob ULi>- bJLP 

i «“ «■ 



&a = a£ 



gr^a piAaJl 4oLajj 



Ob (j^pb-i b >a Ob" bl .AjciS/l i-O y iK-i- !)b I a : ll pl-L^rl ^.l y -1 ^ilP 



a . ft = b - a 



i itLvVWfl ^ Ia^U 4 tU a ^S1 A >t > \u!| 

• • • •* i* • 



. ^ypbAJl L _ ^~ j ^y^P JLlp jT^pb-JiJ t 0l.^:ll ^,lJL^*l aL^-l 




ifciShj <^aii j aull : J /tfl 



b x a = -(a x b) 

*-oJI 4m«Vt 

* •• •• • 

u^i ijcif c j b j & uir lil f .1 j >7^ 4j^S/^ A ^ L ^' c -3 •xlp 

(a + b) + c = a + (b + c) 

* 

^aLm JJ& ~ £lx*i f 1^ AJJLL4AJ 

* if 

^Js- iJlill aI^UII (JUIjj ■ 1 > _ .< 1 .< O i3 ~^ f " ^23 kjJ 8 

*1 (M) = (*l *2) a 

i fJLu& £*»J1 ije, ySkL/ft 

: l5 U lJUl ^Ljb- bl-u-f k 2 j ky U-U-i a 

(A:, + A^) a = Ar,a + A^ a 
a (^1 + * 2 ) = at, + a^ = Ar,a + A^a 

£*aJ ( j^c. Aj*jjj3 

: l5 jL p 4 JU 1 ^^clj ^U\jj . LJl* \.a.d>- bJ-p k ( jSL)j b^ a 

A: (a + b) = A:a + Ab 

(a + b)A: = aA + bA = A» + Ab 

^Ubll) *>1 1 ^ ( v f Lll!l fldaJt AjajJjj 

;^Lf- aJlJI o V-^bll ( j^jj (jLJljj . djtif b j a L j^-J 

a.(b + c) = a.b + a.c 
(b + c).a = b.a + c.a = a.b + a,c 

^cIjuUI ^ 4 ^ ft tjfl, d^aUll fliaJt Ajajjjj 

: l? Lp o^-^aIi K jp5 JbJLfj cj bj a L ^J 
ax(b + c) = axb + axc 
(b + c)xa = bxa + cxa 

= - (a x b) - (a x c) 

= -(axb + axc) 




oLgpbjD y : jup >Ul 





t jJl f I^II ^kaiti f )j L? J| 

<Jdi oNiUil ^ JUl^ .Ajuii dj tcj tbj ca 

(a x b) . (c x d) = (a . c) (b . d) - (a . d) (b . c) 

j£'\y)}\ oJla J^p 4^Lff jj^aJ 3 Dir lil .^Ip AjuiS f ' ^ L y2XJ aju*> 

bjjJ lj»i toi j&\ AxJ-Sfl 4 jJj ,.lJ<JL>-j c o~i li L jZ » ~ » 

.\jjj^3Jj LiL>- £-jl>- 4. jr.ya Si JjLJJ 4Jrl*> I-L& 3 A^ajill dJJL5^ yfl il j 111 



JZ.JA <jl*l«l 



iil sAa?t C) .-\«LP 3 3j a . P 

#> 

.^U£j! 4 jU 3 6$ J>r jA 4jjArjl 01 Ltt-Lp C^aP«-*<P 

ibUll ^ Jli. ^ (X - 4)(x + 5)(x -1) = 0 ibuil dt . 1 

• J* (a) 

.Ajliil Aj>rjj}\ £jA (b) 

.AiJUJl 4^-jjJl JA (c) 

fjA (d) 

^ 1 iJLJLl 3 *bl*ll J ^ J5UJ gJl ildpSfl .2 

-4, —5, -1 (a) 

-4, -5, 1 (b) 

* 4 

flJli \ jl>- 4,d.A^ il^Pl •*»* V (c) 

. J V (d) 

:JhJl5" xy ^ 3 «3 

a = (x a >ya) = ( 3,0) 

•> = (** yb) = (°, 4 ) 

0»i^> < j^yi±£; <J U 
.oU^j 5 (a) 
.oU»j 7 (b) 
.ao^j 12 (c) 

UtS" ji*A Jorjj M (d) 









?a . b oW L* .NIj^ b cU^ a tbj a OU-U-tJl L,jJ .4 

(J' * ‘ “^ (2) 

*£j^ 1 (b) 

.J^UJi (C) 

.uui ^ l ^ 5 UJi ftUA-i !Ua^ Jij ii (d) 

?a x b el4i yfc t* .4 tj jijjTJiil o^pUjlJi LjjJ -5 

JU-iJl (a) 
•£j^ 1 (b) 
.J^UJI (c) 

,UU_i ^-J f.\2 U-1 Jlj-- (d) 

j-i-^-i <w*£ l* iiijo ^1 p (3 (j^ 4 (_)^" &j -i^p .6 

. ojIj <u — -jJt (a) 

^ip <u — -dJi (b) 

.yW aji ^JL; (jf l ^Lc ^1 4.^-iJi (c) 

. t ^ a\ ^ip eJ* ^ls> ( JS^ 3 ^ (d) 

:aJUI Li^%*Ull ^jJULc ax 2 + bx + c. ~ 0 ^1p *jUi ^ 5J;>U^ LjjlJ .7 

= 2 
b = 0 
c = 8 

o-iA J jl>- d^jL ot L* 

.a-JLaj- jiJLpf (a) 

,<i ^ lJL£ ;>Upl (b) 

i 

. 4jJUp jlJLp! (c) 
.ital*il aJLA <J^1>- -i->-^ N (d) 

,5Jil*il *-L& <J\ j*r\ j a ^ l* ,4x +5 = 0 sLUJl! L>jJ .8 

■>-*> iK,/ 5 c> < a ) 

-* t> ‘ Jt > 5 ^- i (b) 

•x JT (c) 

. 0 jAjJIi cJ> ^ JS" ^ (d) 




OL-i?b jJU hvr \ ja : yu> cjUt 




jr ^jLJ ^Jl oljLxJl ^a L* tb j s jjvplR^iJl *bp *9 

# » f 

,b a ^ J y^\ UJb \^S jil o^j (a) 

* * 

.bj a Oy <3 L r*^ 4 -$-*- (b) 

* *t 

<bj a ifjA c S JLp Lj j^Ip ^UjJI (c) 

. <xjL — \\ oIjLaJI ^ja 5jLp <j;l (d) 

(jJJj ^glp (jj V djLp Lij dljL-Ai djLM i j* L-Jl^-I (j j>*Ja y+pj ^ }| 4 SjUtll (j[ .10 

^A <LJlj <U^5”' JijJL^»li Ji ol^L*Jj djLil ^jA C— (3 (j 

. ^ ^ v5 (a) 

. **■ J •& (b) 



.5l*ljt* (c) 

(d) 





• • .*■ •••;' •• •• • 






. ■ ■ 




J*j of V £ ((o'il jdr 4 jJj 0-*isJul j! Jju J 

gjJl o* J. ^ 0_^--U^llj O^Jb j*a]I U*>^ ja ^Ji 4AjJa}\ jJtj 

0 ^ -Jt> L* p-^ ^•*' 4 « l^ ^.— 

jJLrJI J^jJb LgJt* J^bcJl ^. n^i C-U*» J^-io ^1-XpS/i oO-A 




... ~i : y$ . •• ■ 

■•i 7 iu^ * , 

'■ : ''\ ' : J \ ■:&.'§ f?:.;j ••• • 
; ■- '"•' . v •■ rvi-v-.;..;-; - "\ • .-: 










<w3 yM .o'il J cCj! jiil j cO>lJO^ ^jl ^bc* JjJbcJ 4.^^?^! 

£-3 jj J ^ eJ> Ja_C ^ yu^>l 4^5s^>- Ja.Qaj j K£V <JJ 



4j^J^j^fl 4_3 (JOj .^0^5 ^j^bxS/l 4_>.o^Jl ^ O^Lp 4 juSj jll - 

^Lp ^ 0 -4 ) ^ ^ Cx* 3^ 3 ^JjL* 4 jj* .Xllj oj^AsAOi-il 

iai ^ ^i-^f Ja^J ia^Oajj (jj y 0 jOj) J\ <J j^\ jS m Jl £JU J>\ yM £-+P y_ 



: : :fl*p ?\ < m : ;.; - ; ; 

.Ja~J\ <jy 







AjJaiViaft 

^JjL* Jai^ 4jJjf-S/^ 1J3 4^2ji>«jll 4 j^0jJI 4_3jl^i *- •* ^vr" 

&0$$0i8 .“ 5l tv,OiV3> §>,.r.^ ■ 

|4^i>c^4 ij> jU: LgJlLC 4li4f Aj^ ©Ju||^W^fl 4./^ 3 




® J* ^ (Jh y y ‘"^b jf L K»^^ 

- ? , 

. V i^xaj t'jjl ^aLxxa 



Zo 

Rq*a 






jil y : yufi cjLJI 




J 

cldljLp djjj ^vP . ^yS &7>x^A ^^»io — O-— xS"" lii — Ajilnii ^IJpS/I <■— - I^j~ L*J3 

3c 



-9.7755 n 

-16 x 

J^Lio 4 -jIj j-jjJl >_ -~ i v~ # djilli£ (J 1 Q-j 1 j£\ <_ -' i v" (j i ^ 

f.Uai J J?UJl JcUij t_~P y JS . j jSLji a!L>- j j Abff // 2 e Ji£ Mi* .U-Mb 

j£iJl Jb aJ ^ il oLiMiJl JA yjj (x { , x 2) x 3 ) Jp v y it — JU^I ^ — 1 M^ 

n> 

tUiai <j l?UJl ^p IjjJl^ lij ^Lp J^-H J bw>lj 4 ^aji>uil ajL^JI J-* J^LiJl IJla £t_^ j .(x, jy, Z) 

* 

Juil*j .LUj J^-L Jjl^jjJl tUaiJl j AiaiJ (x l5 X 2 , Jt 3 , ..., X u ) Jii Mi- tjbf J — %j 

Ajb^sJl ddLa^lail A.JLjt^- dd L* i A^Hv' 1 JUl J t ! l£.j^ tbi (J? 1 1 ^ *1^ dll f .1 .*Jp 

. 0-i-& d ,/3 

AjlAj JA§ L-i jIaaJ) <jP 4JlU) 

dj Jp:Sn v .:$J L* UIp c^JjL* IJbl djuij aoUj*]! l 3 j 1 — ^ M 

djuaj jA \ ^ jL>t_C L^liC ^oLii dli*l a J la . ^JjL* 



2 ><2 x2 jlc^j *y;c jiar i j£ 2 

x JjVuN i^bll jLajj i"x ^>i e" 1 jSj e* 

s> 

J! ^ e «jb^' Oy j Uoj! -Utjjj ! 2 j 2 3 eJM^l Jbp J J 

(j x <3 j^iJ Ip y ^ Ji£ j ( 2.71828 bj^ij c^jb-v») ^*-mJbJI jlpjJJl SxpU 

gkdf ja Mvb jLp-S|I 

jJjJ di J ytil A^^yi dUilll ^IjUs^wL) 4 ^j>^J| 4 j^Jl*J 1 ^J]\ ^P f-bJUJl Jbaij 

jj jJuJl ^p L*ASj l*ajp oL^ l* -L^L Uifc j . W * y 

^uii jia» 

^Ap ^^LjeJl 1 0 iJjJl * y (3 

m. w x Kf 

^jPUJj ^aJl Jl Apy^il AbU! jwJ M j) ^ia-Jl Jp <b^li (.) AiaUl Ji — C ^ ^ 

U>x^?x^? I^jlp (dj ^ 2 L*Jl djL^UJt jL»mj /W 4 -**^^ <j ^S \j . A; yL.*Jl *tl ^ UJl jf a, «vLv ^/ d 7 ^ UfL 

bjp (aj djLy 2 ?Ldil (j\jc w a^-jlII o j . (9 t 8 t 7 ^6 ^5 t 4 t 3 ^2 1 1 } apj^-stI L — ?r ja 







z 4-4-iJi o j( ^s_ 
:>Lb^l ^ <L/yi ^» ; fl-Lfc 



.{9 <8 1 7 <6 <5 <4 t3 c2 il iO} ^ --JL. 

■ yi^av j! Cv_JU. jl tv ?T IjvJw? ^JLP (^1 t 10 nil 0 j 1 ^J^i. — i 



2.56 x 10 6 
8.0773 x 10' 18 
1.000 x 10 ° 



Jj4j Jiw 

(3j Jj-0' J &* j $ jt j^*- 1* <J j^\ i J -j (3^1— Jl ^IJja^I ( _ y Lp ^i-ils jtji; 1 j — Ss> 

iZyly*^ll ^jaJ ./M = 0 0 j^v vjl 10 a jjij ^jj jJlJ! v^ . llaTj , vjlal ^iala^lj j[v * ^ ll 

1 jljjLc. L f J ^' 1 2^1 ~ > ' [ ~ l y J t 1 yv-^\j 0 _jv£*l AJj-^ Aia ^ai\ a-M j£^*Jl -j— p Aijl~Jt 

^^.Uill J^JjJVj AjjLLi 

0.256 x 10 7 
0.80773 x 10 17 
0.1000 xlO 1 

lil . 1$1P Aya.iT j Ju»- j.-aj iiiLjl lLOUJI —ill i— ill oJ — » J^i. » 

. Jlj \ ^Li* ^JLS*" 50 4.P j £— j Lljl (J ^Aj tjl (JAj 4^-L-JIj 50.000 4_P^^-j jwj LjI J Oo 

V Lj>^» SjLiJ- 

..ha* ^ _L>. ~ ■ -J . APjil^ (Jylaj 1 0 iwl*Jl a^l ^Lp (_ £ tp£- 0 jt-P ^3 t-dj <irt ll OjLi»l (_^l ^V vd 

ala a * vjl^-Sfl ^yaai .Aial— Jl a1il*^/I ^ »_y ^ . .■» Il l^j^al a l * la I ' 

^Lp li ^lall aJ^ I j ~ 1 1 ^T _Llp ail ..Jl il.lpS/1 j»Xy . 1 0 PtijJI a y ^jj jJb Jj _yJaJl jl° ■- Il t3j. — a 

: JUl yy-Ull j£ijl 

2.56 10 6 
8.0773 1 0‘ 18 
1.000' 10° 

6jLaJ\ (j ^ ^-*<**3^ <Uslih Aiajilil oJl& jju JaJji'l •*—-£ V 

/«./? ‘ 10 2 

y J 1 0 2 J n Ox L*-UJ t ^k*Ji 4j jJiS- aJL^L* /) j ffl ju Jj^ Lt~ — 3- 

fl-X>-^Jl j-f 0 '' ^ 1 L) 4^-L^-l J L*£" ^3** ^ lil dj ■ »._ ^ ^ ^ 




4**r\ ja : yup otJl 



•kg ‘ m * s ' 2 jf kg * m/s 2 <i y j. j*- ^ y> J* .yi^l 

^lA>«-L^I -UP ^ d jLi^U ^JjL* jjP -laj£ c--> X t-J* j £- 1 ^ ^*1 

l— ■ ; •** .! 0 ^ • jy*J^ y* < 3 -Upr ^1 ySJb oUi 5 " 1*1 JLP jl 4 JTUjaJl 4 juUaJl 

4 >l*Jl 4 JU-I j x u 5 ji-l ^U>iIaa*I l jOJ iJJ .*v j>CJt djyju j X cj ^I j UU^>- \ S"\»j] sii 

* <* 

tiijl (Jj ^ ■ ;*« 3 l ^A lAA 4 ^^i_Jl ^I^V> 0 >*l ^A 3 jl^-l O.AA ^ JjOJI Ai^.*i q (J 5 ' 1 ^ j • ^ * Aj \ 

A 

JSUJI Jp aj_^SJ bUpl ^ (J 

2 . 56 * 10 6 
8 . 0773 * 10 18 
1 . 000 * 10 ° 

4 aj^i/i 11 

10 ^-X*Jl oji * Jii> j£S.\ ^I-xp^/I ^jS> j*ju ui dLlp t •*- j?i 4 j I ui^* ^v* ^ i 

a 

^ ^ Jl ^iji (3 o .>L*^ 1 *^I JL^jI J^-— ■i . ^.** . * ^p 1— i ^I»Ij*" .wlj 

jw .^UaJl I -La <L--iti-l O N S' ' ^ o' y ^ .(-laj J f l-L> 0 --l ^ J j) 3 lLj -1 

jij JiUJl oL^Jl to£i .aJj (^iJl iJbJl LjJju:. ^Jl ijiUU-jiy 10 i-ull Jl jSl\ E <J>I 

J^jJl Jp jj— oil IJLa 

2 . 56 E 6 
8 . 0773 E - 18 
1 . 000 E 0 

a fi * 

aJLL-JI c->ljLoJi jg ^J,lilljj ^Jail jl djLirl L«jta «osj j L«jli ^ j/^ <— u: — 

J$Uji ^Jp 

2.56 E + 06 
8 . 0773 E - 18 
1 . 000 E + 00 

^L~A *-&> Jl o jLiJJ ^ j^JI j to j-iJl o jLi"^ ll j>-S' JiU^ (c* S^ji—JI 

!j^-ijl JLp 4 AjL-JI oIjLaJI jgla~ 

2 . 56 * 10 A 6 
8 . 0773 * 10 A - 18 
1 . 000 * 10 A 0 

t__j Jl) J^l^Jl jSUjl; ■• ^ lil .iilial* 3 ji.^l aJtA >r*Jr ijiJU>Jl |1; «ll 





^ J-aUi 



2,560,000 

0.0000000000000000080773 

1.000 



-uIjaII 



I jwJ it-LP-S^ 4 j lx£* 10 o^jij 

2.55 x 10 45,589 
-9.8988 x io- 7 > 654 ' 321 



jjjJl AjbS' 4 JJip SJU-I t) oJL* ja <j,\ Jjb S" J, £ 

•_ . ^ < xj ^ .1 jQ 45,587 j£~* i— *- a! ■ .. 1 ■ - > Lp-j. • * 255 

f tl yui> 7,654,320 <u _>^-* <— s. L ~l .* ^ t3j j-iudl ilvslill ^ i ji — iJ — «Jl ^ ]a ll 

.8 f <8 f i.9 f iS f l 9 i\^\ 

oygi ob-bJi jy\ gg 

2.55 x 10 45 ’ 592 
-9.8988 x IQ- 7 ’ 654 - 318 



jji-LsSfl ^ j£\ jjj-uII {j* JS”’ ,j53j ?4JJiS" liliur jl-ip^/l »4 a j-ij 

45,592 .3 jl-iix. AiUv ^ j£ I ij-* jJS" til _y3b 4JJj Ji jj^or .5 ^ < i»Jtj 

iU^Sh .U4 3 jUS<. -7,754,321 ^ j£\ -7,754,318 aJbJtj <3 ji-Uc. 45,589 ja jSl 

0 

(J/* jS'\ ( jA (3^ ^ **<0.1 L*UiP Lvabj 

<* 

45 >r ioJl jSLiJb O-gS" til jj iibUaX* cJlS^j L* Lj yU 4j jL« 14 ilJLPil oi-ft jJLJ . J j^'l ^IJLP^I 

jJL^Jt ^ <^rjJb UlL^- IgJxJ j . J^l^Jl 

04^1^ COlU]aL>til J i^l-Lp^|l Jj\^- f.\jj 4-J iSv^a 1 4-v> jJkl 

(J,! <Aa ilJ-Pl J3^ 0) ^*^3i (1-2) jj 

. 1 0 7 J,i 1 0 3 ^ ic-Jl j* 1 0 J,} p-~*-A* (<—^) • 1 ,000 (jj 1 «wJl j — * 

* 

o J3^3 dO 7 (Jl 10 3 V-* 1 J^IO 4^1 p-~-A* 0 JJ ^ ^ J (^) £ sbjj 

.lojjo^ 

j£\ <~*5\ jA ^k*j j*j J J^aj" ^ 10 Jl 0 of I bj 

. IJbl jA, ,rall £-Lj jjUi, C.,^i ^ ^ ^ * 




OLjsb jil »t jfi : jiup 



CjUjL 

jj-xli] JJ rj» LlsU&Ualf L^L'jLj cJ> ^aJj cAj^aJJI olfolJl — 1 

^ C^tApUjall (1~ 6) (JjJbM y~ *4]sl>»JJ ,J g 7. . > I , L, ' -~\j -_ U /j Cr 

• 10 24 Ji 10- 24 uii C ^-^t J-ljJJ 






.L_ul^« uj^Ij ^^8,^ jl^&l jjauA ^1) :{1— 2) JSLwJI 

. c_5jl JA 10 (jJ) f-u&A ^C_j| 

10 (jJj ^£sSM ojja-« tliljjl^J ^Uaj 

.10 (jJj 0 ^ja\*1\ 6j_ja-a jIajj 








10 ly j L-JUP .Ltd» ^SCil t-O^l <j jSLiy 10 ^-b«J' i jij ll ^Jb>» 

jJLull l^Liy i\j-pS/' iJLpUli t2 J»S -2 ^j* JUrl i y^ ^S/1 lij 

aJlf-LiJi ^..riaT . 10 a t ar y aMJ . (3 i3 -3 ^S/l 1^1 . 

.^5*1 jf 4 '31 jt c jM^>\ j\ -4 El 1 0 ^y <JO“^ 

^yj ^l-^S/1 l j& jtu 10 6 y j-Xj ^JLp 4 ^ . — *j — aj 

/ / 

yj *JL«> *5^lj i yup 10 -3-bJl 4 y j \>JUP 5^L>- tl^y jA ^ilE l)j^j JLj . ii ^]ail 

1 8.407000000 E + 00 «jW* U iJ_^*y 8.407 i jL*Jl jy»jj»^*JL\ pjw j^ij .otiljl-l 

, 4— jiJ J JLxil 0^i£ ^ju jLaM O 1 «>* rM ^ 
p.1 Jb jj L>JUP 10 d y ^jj^J<lj 4 j ^ iSCil ^J-«_aJ| 4-jL5 *" <_£ 1 ONl 



: . <li vi kAji 



_ 1 



i -i u 



i^li. ,LS\jf iiiJj jlS” lil yLdl ( J$LiJl; jIJlp-S/ 1 ( y il.U.S/1 £*Jr ^ij _^» J-iil jj 

(3.045 x 10 5 ) + (6.853 xlO 6 ) = 304,500 + 6,853,000 

= 7,157,500 
= 7.1575 x 10 6 

(3.045 x 10- 4 ) + (6.853 x 10‘ 7 ) = 0.0003045 + 0.0000006853 

= 0.0003051853 
= 3.051853 x JO -4 

(3.045 x 10 5 ) + (6.853 x 10 7 ) = 304,500 + 0.0000006853 

= 304,500.0000006853 
= 3.045000000006853 x 10 5 





L-Vl a-J 4 ±*\ y rJaS I ^ 



(3.045 x io 5 ) - (6.853 x 10 6 ) = 304,500 - 6,853,000 

= -6,548,500 
= -6.548500 x 10 6 




ja : jup oU’ 



(3.045 x 10"*) - (6.853 * 10' 7 ) = 0.0003045 - 0.0000006853 

= 0.0003038147 
= 3.038147 x 10 -4 

(3.045 x 10 5 ) - (6.853 x 10' 7 ) = 304,500 - 0.0000006853 

= 304,499.9999993147 
= 3.044999999993147 x 10 5 



j>-\ -XiP L^PJ^ 4jl»uJl (3 10 -5-XjtH o j& ^ju J-X-J 

CjI*1a-P 10 iJjtll 0 £ jl*Ipl -X>-j j ^ ^ * 

AjiDail * .dil O^aLxP-I Ijl . U a^Mj jjJaju (3j L.UJ (3c*“0^ j>P ^ Ip (3 7“ jlaJlj 

J-XP (JJ (j^ai\ (^1 '-T-' JJXjJt) JJXnii SiDail ^ L*-XiP t x Jl j* a Jl*j JjJ 

*• - . * 

. lJu j U>>^ o y*liaJl oJjfc .4 *-j ^4 <*2j' jLip^ <Jl^J UJLP ^>j: C~w*- IJL>r jyu^? 



uj ij^Jall 

jL^mj ^ip 4*il 4 j (Sj£ 1 1 0 d jJ-Ij 3 AP -i-LP 

<J,J <_ <S j£ .10 3JjJl <S^ ^ . I ^ * 2*.+! (<— j j4»il >*j 

‘ ^ ■ ■• aj il^xp^/l T*l^jl ^■Xj ^ i X .i*.. ! <li.l 2 j50 ©Ju^ 

(3.045 x 10 5 ) x (6.853 x 10 6 ) = (3.045 x 6.853) x (10 5 x 10 6 ) 

= 20.867385 x 10 (5+6) 

= 20.867385 x 10 11 
= 2.0867385 x 10 12 

(3.045 x 10- 4 ) x (6.853 x 10 - 7 ) = (3.045 x 6.853) x (lO^ 4 x iff 7 ) 

= 20.867385 x 10 [ ‘ 44< - 7)1 
= 20.867385 x iff" 

= 2.0867385 x 10‘ 10 

(3.045 x 10 5 ) x (6.853 x 10 - 7 ) = (3.045 x 6.853) x (10 5 xlO' 7 ) 

= 20.867385 x 10 <5 ‘ 7) 

= 20.867385 x Iff 2 
= 2.0867385 x Iff 1 
= 0.20867385 

.2 (^J -2 {jA (j^4? (3 







j*j jLumJ ^3^ jlJLfr^fl ^ 1 10 ^wLflJl (jj> ^-T' — ^ ^ £■ 

ci! *••— -^ l£ >£ ■ 10 c?y i£ j£ f -Lfrva*f 

; LdjL- IaL*Ji>w^ ^Jl i^iil r 1 ^ 1 JU* ^iJLli jjaj t_L£0 

(3.045 x 1 0 5 )/(6.853 x 10 6 ) = (3.045/6.853) x (10 5 /10 6 ) 

~ 0.444331 x 10< 5 ' 6) 

= 0.444331 x 10’ 1 
= 0.044433 1 

(3.045 x 10' 4 )/(6.853 x 10’ 7 ) = (3.045/6.853) x (lO^/lO' 7 ) 

a 0.444331 x 10 H ’ ( ' 7)1 
= 0.444331 x 10 3 
= 4.44331 x 10 2 
= 444.331 

(3.045 x 10 s )/(6.853 xlO 7 ) = (3.045/6.853) x (lOVlO 7 ) 

a 0.444331 x lO 1 ^ 7 ' 1 

= 0.444331 x 10 12 

= 4.44331 x 10” 

* 

j all j£z V Lj jiu jL-^« ftjl .. .M Ja 

* 

(J jaA\ iJbfcJl jJ*> L* 0^|l -Vi .<»I->ljtj£-t ^jA (J JJ4JL4 iJbu ^S' (J y &> lJJ t M 

* 

, Lj ji ^ j^^la Jb J l>«jJ ;U (Jj j-^-l 

f 

^ s^aII 6>x& ^ ... ^ ■ 10 ^ * ' ' *. - 4 t 05 ^ ^ .xap ~x^ 

:^Ul Jliil -UtJ .<->j^\ U^p Lf 

(4.33 x 10 s ) 3 = (4.33) 3 x (10 5 ) 3 

= 81.182737 x lo (5x3) 

= 81.182737 x io ls 
= 8.1182727 x 10 16 

Jaj 3^>rj ,_y . i Jjt j ^Ull j J jS/1 jji jlo~Jl j ^ jiS/' j! tb£ U0»1 jj — J" lit 




OL ; jLfi k-»Ul 



. jjj 4*0?1 Jj SjLull 0 01 A*d®l &-*y ^-* y . 1)' ■ ■ ■•!-' 0 01 (3 -1 » £■ 4*dp 

:UL» aJ 0^ t j*~\ W i^U 
(5.27 x 10 -4 ) 2 = (5.27) 2 x (10 -4 ) 2 

= 27.7729 x 10 ( - 4x2) 

= 27.7729 x 10‘ 8 
= 2.77729 x 10' 7 

utwA 

* 

3*AxJl L* 3~L*J ^ £ /2 d^JLlJ Lp^j jA A^wjij 2)JL*Jl L» 3*AaJ y*i^ j-X^r\ 

4l*t£3\ ilJlpfy cy iij^jao y&\ JiC ^Ji ilJLP^I <_-> ^ U-Uj dX£-£„ f .Vi a yiiS Ip jAj * 4*~ a) 

e> 

:dJL!i ^p Jli* !jla> j .Ulx l^»^i 

(5.27 x 10 _4 ) ,/2 = (S.27) 5 * x (10'Y 2 

~ 2.2956 x 10 [(4x ' /a)] 

= 2.2956 x 10 2 
= 0.02956 

(S j^) p-d 3-Xp jp 5.27 3wi«U ^xll . ^jLJl Jj LjjaJ jL~* a jLi| -ia — >-V 

* * * 

^yt\ oS/ l jiaj 4jl Ljajl Ja^-\ .JLl^ll 4jj>- < j j-4j 4j ^LjjJl L* j (41 +a j\ P^j 

i jA*L^ ^JJJb Lui Jii ccJ» Jl 4-lSLio 4 jU$o U ^Jl 3 jjJ~\ ^ 4^iJl 

.lOxuJlSy 

4.jAu «iV 1 tUaxJI tuuySujj 

j jUpty Oj£l U IjjU t-uLiU J .AiJj oli c J slijgiil J l^prly ^Jl 0] 

* 

iiiJJb ^LiiJ OLiSj J& JL^r-^J . < j jAl)b ^ jAj L» Li Ip . y^i 43 jJL*j t4>»-/?ijj 4»«j f.L^jjjJl 

. ( 433 I 4j5vJ j ^LwL 4j^JW? y*^) yjizffj (433 j Jx^J^ <~jJA-b \ jO } I 

ciixlL 

aaJI J3 d3JL£ SJUaU (j^C Jp 4jJI jjt ilJLP^i c3JbLU yaiil aJ\ j J i 

* 

^^S._ .La 10»10» iJb4l aOI d4* A**dL^l yaw ■ 1 i 

:5Jdl ot>jUt Jij 3.830175692803 aJbJl jU^l 







3.830175692803 

3.83017569280 

3.8301756928 

3.830175692 

3.83017569 

3.8301756 

3.830175 

3.83017 

3.83 

3.8 

3 



<— j cAjSj ajjfc j . ^ ^ 1 1 ilJLA^/1 j 1 ^ ^ ijjj ^Ui l j . 

JLaj d-Xj*L^rl r yt ; ^ J L^aJ^ .11 4jl^ill (3 (/" **.*' * 3Jb- 

iS < r< 9 OIS" IS) U .0 < r < 4 OIS" \il S r jUj Jl Wl jJI (ic-UJl r i ili-l <^J>a s- 

!j* V->J yj-AiJl Sj i— ^LJ-I oV/^/I (_yu»J J ,( jjJU ') Jl?-Ij jl-Lif. ^ .il^j l*-Up 

o^jlajl-1 3.830175692803 jl ^> -1 IjJ 

:aJU1i 

3.830175692803 

3.83017569280 

3.8301756928 

3.830175693 

3.83017569 

3.8301757 

3.830176 

3.83018 

3.8302 

3.830 

3.83 

3.8 

4 




jA : cjUi 




UaaJ 



( 3 j ^ -Lp cUa^-S/l .iJLyjJl oL^Jl y-Li Jlip AL>ti^ AiJli! 0 j. $J 

X m y^Oj ,4-^liil 4_»»*50J 4 . J Lil a .1 1 <Umja] 1 ^JiC x a 01 yil .Ljajl 4 j ^I ja^-S/I c -.*•.»*> Ob>-S/l ^ 

4J*)l*Jlj (L^4J x a OlJl>- jj) L> a JjlJall tlaiA-l ( j)* n l - 1 $■-»*■ a 1 olJb>-jJlj j 4^>»^J| ^LIO <Lu-Ull 4 ^-aaJI 

^a — -^m “ ^a 

:<L*5JJ <JjuiJt <uJi]l ^Lp t* j,**JL» <jljali tjaiU £)^ ^*jJl tk^-1 <S jb~J J 

^p ~ fa m " ■^a) // ^a 

!4**m.j 5" 41P (_£y£j ^y ^- ’J l tifli^-l '_ ‘ am -p 4jL* (^jO^o ^°/o c5y*^ ^ y wil l 

D 0/o = WO (X m - Xg)^ 

d l-Uj .x m < Xg 015" 151 *JUj x m > Xg 015" 151 v* >* ^ ai ^ 1 4* 0j — S j 

Oj>o C l-L>r- 3 ^■Jl/ 3 4_Ull 4. 4 .. a l l d— i LS^ I ji _} liaji-l Oj£j tl~L?r OjfS' 4*4»Ia 11 4-4— — oil o* ;LT lil 

.UU tjai-l 

I 

an 

<j$ (fUil) <uLp ^ j^iil 01 -ia>-\ ?^Lii \^k./S,Z^) l* ^<LitL*Jl ^.yall oLio J& J jJ-j J — * 

t$JLii ^ll 4^]| (3yu ^ <yJjdl J_i 4^£l) SOaaJI UJ)t L^l CXg 4^iil L^J^z Lg-*^ !l o\jl all 

<K 

4jl^>1>- ^if ^Lp ^ y £- j*yp ^ Js - bLipl Ua-JO ^Uo- Lu5lc ^JuS" IbJypO JU5" ^JLp ia^a— J \j 

y* j^i" iJLP i>-( Uj J oL^Li oJLp Jb^L ^JJ5 .x 4^a] xJrl tyl ytl ?L^i ji-5" 1 iai* 

yJi; Jb- J ypp JU U» ^LJ -1 iu- ydl JupI ^ iliS^j iX ml cx^ cx^ 4 ^?l>- j 5 IfL. JT toUUll 

!<ui il L^-i» c£X* 0U c^l^il jjp AjLyuijl oti j5lll ^1 U- Ail ^5 .x a 4 ^a) jls* 

4 * t 

jilt yP X m jlo! (^X* JjJL>*iJ <i>LwJl Uaji-1 cyL-c*- ^l-\>d*^l Ljajl y5or 

.y-^jJl o yi i >- jj olpl ji a-lp x a lui-0 iS j£- 4X a x*S/l — 






«• • 



l? Lp ^ 414 ^ 0 j->JJ 4 llj tcOOUJlj iOj-J^ljyl j — aJl 

4^-«jirl5" OjLaJl iiilitf- oLL^P J J 4 I 5 JUP .^yjj^jJlj ^io jJuJl i^JJi £j£_ .OjLxll (J 1 $ ya«j j^jaJ 

yij oLJUjJI JloJ cdjL*Jl «J_A 4s*t[£ C-jIj co jJ Jl £> jJlj 

: JUl 

0 

jL~j! ^y* 1 jO-Lj* 44^*^S/1 obLkjJl j £ rl ® 

^ J 

.{j^Ol (^1 jl-Jl 1 c 4 .^. ^ jl 1 ' j twJ ^OaJl obi-«-P ® 

<1 ^ ( 
.Ji^jl Jl jl— jl y^ 1 jOily* 4^ ^JaJlj oLL-P • 








jlUP-ty Jy j' .JiLJl JLPlyiU Uij U^Ja « **uj ts Oy-jUi I .» OL-JUl jVli-ll 

oLJLp 4 <JL>- JT <3 4 ^*ujj yA oLJUjJIj 

[(2+3) (-3 -l) 2 ] 2 
[5 x (-4) 2 ] 2 
(5 x 16) 2 
80 2 
6400 



{[2 + 3 x (- 3 ) - l ] 2 } 2 
{[2 + (- 9 ) - I ] 2 } 2 
(- 8 2 ) 2 
64 2 
4096 

.[ ] Apyfc^ j' t yA ^ yh ji\ lq .& J 'if OjJlAA 0 jLp 4jl ill 

^ j-A jLlp'yi • 4jjjbw«Jj JLpI yfljl £^bjl (_£ j>r bj L ._ - — yj 

z = -5jc 3 + 4x 2 y - I2xy 2 - 5y 3 

•Xi'\ y j)~j *j v — jj J ^4 j 4 > y % ‘ o ' 1 y ^ 1 fU > ks— Vf JVill 'Ju j— ! 1 

:JSLiJl j-i— » aJU 

z = [-3 (x*)] + {4 [(* 2 )>>]}- { 12 [x (y 2 )]} - [5 (y 3 )] 

y»l y*\ j' 4^1^51 J,l Orbbl j oUUjtil J>r\ t<LJL~-S^ -Lp^yS ^^ip Ulijl L il 1 C.j 

4^lJ-l SJ^Uil ^JLS* 4 iJLa jl5" bj .*.Lu^* jw?lj ^iJLb .4P y-l j i' jf 4^—- y> 

.IaI^* UfljP <w~^o y V ^ 4j j*P y> £ jj La-UP 



u^\ fijts 

<3 fb jS/l y^C, V C 10 ^AxJl a j3 yj jJJ ^lj>«JL*wb 4-*~w«JaJi jl ^^baJl jt JU P 

i yaxj 3 bwV>-j bll Ji . 433 Ji^l djLxJl <j oUl ^JlP y* j £ I j j__^o jl 4-> » : til l 

V . 4a 1 v^ S/' 4 JI—AI ,3 o^jljjl .MJp’S/f y-4 4,y* 1 Lg-alij! ^JLP 4j y?r I <uhb*Jl 

(j jy*^ C (•-** ^ dJA 4<i>»Jl oL-yb ^Jl j 4JU>Li. 4 li 



.^UiT O 

J ^ ^ aJB JLibU juJ .y = 7.2 X 10 7 y X = 2.453 x 10 4 jL^Vb i 







oL^U Ji aj&t\ ja : yup 



xy = 2.453 * W 4 x 7.2 x 10 7 
= 2.453 x 7.2 x 70" 

= 17.6616 x 10 " 

= 1. 76616 x 70 /2 

« ‘"W jSoJl s-ljjjiil J3 LP oU5” v j i JS* Ji* iil ‘0—^7 

* * 

.UJLijj /^Jl AijJl J,l iJbr 4-lJ jl .p-Jij J,1 U-bP UUl 



•6i^ J fS 

^*xp t— ^L-*^ j»-5 t^«-Lp <J5 ^I-vp^/I ( y* 4Py»^ ^1 p y^~ b*— ji c_-> a*L*p <jjy L*-bp 

jJI 2UUI ^JLP jjlb JSLxo . Jity oUULl :>jip -U f C^XP j£j 4j ^1 ^^rSli J oUlil 

tjc ^-UU ^ ^ddl <j olil>- ^jl JjLJI Jlili (J -b>ry .^Jlg-Jl <*_->! j — i-l jl J — rJ-i <J t*-bi. — J 

^1 C 4^o l_A 42Lx ^gip ->l^^rl y^-b ^*^5 l-XJ J-X*li (J» jd»x3l ^ «** —dl l ^ jll iL>-^ 

! *■, - * y iL- l l ^ b)l ^ l-Xy^.— » » I ^jA .fj^j 

xy = 2.453 *10 4 * 7.2* 10 7 
= 1.8 x 1 O ' 2 

si jL^li djLil ^-b>*i-*J jl tSjliL 4 jL« L*jL/? <j j^j j! ^Lp ■^■*xll IJla ^a o^l>- <J$ jl -U p 

^y* . <LpL*jl dljl**Jkl oljLil y^l j»|aw>» Ijy CySvJ j . <L*j jjftJ p-jj Lub ^J-*Lib2~* dJ^'Sl 43jiiii 

.Iuca 43 ji*il 4 j1j 5" 0 j^J jl y£Lcj UJ^ jjP SULyill c^LxLijl jl U j^p ^ y$iil 

?jcy s-> j + aJl ^l£l xly 4^3 jcJU ^L4l -by Lil 

:JUIT 

jc/y = ( 2.453 *10 4 )/(7.2 x 70 7 ) 

= (2.453/7.2) x 70- 3 
- 0.3406944444 ... x 70' 3 
= 3.406944444 ... x 70^ 



= 3.4 x 70 



r-/ 



jlL-aVi liu 

jl—iP^llj -b>~ ,4 -jL^ ^J-Lj 4 ^*jJj ^Ip' jJLfl yf| -blP jL>-^l ^yQ*j ^ ^ 5 

ty yjaJl f.1 y>rl -bpj 4^»U i ^li jl AI*- ^y^J-ftjl yj j-A ^y» dJ-U. . X ~ 1.41421 ~ 1.41422 ^jJ^-UJl 

: Jp jL^j-L i>#lAI 




xy = 1.41421 x 1.41422 
= 2.0000040662 






= 2.00000 

!pb (j 2 = 2.00000 c^L0>Ij jJl j .2 L*L? 1 — j jo*1i li — * _jJ - — j 

^ si-iJ-t Joaii lS Ip ok c_^j j^l G.H. Hardy (< sO>k ^ 

^Jl Iak^iJI i_jj ^0' <_£J> <^i joOO 1*L* 1*-A*jt-1 6-1 a jl . j\± y.i\ \ <_3 pUa>-S/1 L«0b -Or j j 

Liaj i_>Ljjl vlarji <2 3-bdl J j>- jJl * ^ l-Or i — j y L_jl^Jrl O' wis yO .2 JJbJl 

L^J t ± 0.5 J! J*a* ^lOjk LJii cxy=2 jf ItU* liij jli^Sfl 1; Jj! j—i .± 0.000005 J! 
^Js- jU^^t tl*U.I ^lijSfl ^ a-L£ iJbu L*.Lp .kiJLJj ^ ^OuL ^Lilb lW-l oJL» (j 0 

•L? ^Sft ftijSU v»i 

£ jW J <4^1 

* * , 

^Ss . _ t ' _ Ux>- ^ ' a_^" oip 1>1^1 |»l) j^! aop OjO^- — j o ' 

c^LLa^-I pi 0*Ui oir 1i0 9^/1 101 ^>r^!l t -0' ^OsjJl kl" 5" 

.\jb_LOpj ^ji oLil aJip jJ jjm* loi ^p^fl 1j0& j y f ' ^ ^^ko *— - 

jO&^1 *0**0^p ti 0-*V1^"1 (3 ^ ^JflJl _}1 (3 l^l^l ^1ijS/1 OjO^ 1a«*1j O^^j 

•y = 9.22 x 10‘ 7 j x = 3.778800 x 10‘ 6 01 tx + y^yM Jlill J* -U .U— U 1 jl 

, t ^k 1^^^ L^IaM^I IaLa aLpJ 

x = 0.000003778800 
y = 0.000000922 
x+y = 0.0000047008 
= 4. 7008 x Iff 6 
= 4.70* Iff 6 

.{£ 4 ; .- ‘ . 1 U ol> jjp (3 1 ^ ^. 1 ^1 i^o^l 4jli»Vl i y aM ! t3 

^ ur ^yJi\ am V' J*1 -iio -y = 9.22 x 1 0" 7 L*^-j ix = 3.778800 x 10 4 of JiJ 

x = 37,788.00 
y = 0.000000922 
x + y = 37,788.000000922 

= 3,7788000000922 x ltf 



1 »J ^jIp jS JSf-ij jljj Vj a: Jj^dl jj-* js^k _^»1 0L»-Vl — »; (3 y — !>' 0 j — Ss 




hor \ ja : jiup ulli 




OLLj ix + y ^ 4jl JL jt <x J j^uli ^jlJ Aj\ ^ y J) of La ^ j — *3*1 

OJ»L jjJj (j^ l 5^ ® jywa^l 4-0 5 jaJI O-ftij Lti .^OsaJlj l^JtJjLiL* JUP <Ui> ilJXj 

P P P ^ P 

0 ^1^*0 0'^ AAp%0 •l/^' ^ ^ ^r’W*' y jjOa>- Uajf ./Ji ^ ^ ^jj — ^ 

•(_}"** ^^ UaiLl La y *L*^5 01 (.£1 ,4»<^0j j^^Jl ^a La ^ 

x + y = 3.778800 *10 4 

01 ® j^u,aJ 1 ^1p *jSl f.L*-^>Jl ^^-io 01 G. H. Hardy «a^J 1 ^1p 

£t)sLwJl ^JSsO* ^jP j^ljcU o'^Hjdl ^Lil**»l ^jajJl ^lp »^L*J*\j j&j>sS\ 0_J^ 4>*_, — JaJl j^L n~> 

id jot^aJl <0? ^jcJl Oj-Aj 4j^Lil ^Lu^fl gji Ja-i^l g,L <2a\\ (3 4j>*3aOJ ^Lj ^*■*'*^■*^1 Ja-^1 4J2 **\y 

^>o 01 c^^fcJaJi Ojj Juuj ^Lp .^cajLJI jju^^LJl 3jL^ L-^^otill Oj^ L$*-* c£ ^>-1 5 yj 

J jLj 01 j tLgjtjjaiLj j i^vjg Jl 0 jS^jLOLw- ^jj OJl ^-*»p i_. — * 3 ~j iL>L?r oj ^^^l l 

.LajjJj ^ ^^aJLxOl y* aS^Lj 01_j tf-li-U^Vl £> flAjtll 

j*J* O 1 ^' 

<Lu>-? 4JI i ^Js* 0^>rl LI dJL J>r ^-jlJl 0 .SjJ^^l JUP J-Maiil ILa j ^j-aOl gi! P 

=p 

, v b£jl Jbli (J 4j^?rSfl 01 Lip C^a>«-*/3 

^bJl o^i -jl j* C-^*o ^ ^>rj JL- 3 *1 

.6 (a> 

.36 (b) 

.10 6 (C) 

•6 6 (d) 

_^-L— liUi .(Fx :U Uj^.j_j) (flummox ) ULx" aJj-u- U ^Sol b — i' ^ j — il .2 

?10‘ 9 flummox Lik> 

.(1 wFx) ^ L* (a> 

.(1 nFx) v-Vj F'j (b) 

.(1 pFx) ^ yF> j^> (C) 

.(1 kFx) yte jlS ( d) 

n *4 2 - 6 ^ b. .3 

.26 (a> 

.58 (b> 



.20 (c> 




^JUIt jijAsIl 



,aOi»Ip SjLp lil ii yil iijj )o y -k*- y. V (d) 

¥ 78,303 SjL£3 ts jA II iijjUJl ^ U .4 

.10- 4 x 7.8303 (a> 

.04 + 7.8303E <t» 

• 10 5 x 0.78 (C) 

.j;L- -Uil jJmil Ujb (d) 

.(kbps) c-j jlS 480 ULa*-j ts ^ 100 cJ ap ^ L~i b — ;l J?j — al .5 
L* .440 kbps S*l j Jp LL*»- _j jLlpI aSj> J( Lpo ,sS\j j£j oil ALo _jJl Jp^- jl J?j — -j\ 

, 4^\jb 0)j ! ^p j>p 10a ^a 

.Vlib 91.7 jt <440/480 ( a> 
.yliL 9.09 ji t (4 80 - 440)/440 (b) 
.JJIlb -8.33 jt <(440 - 480)/480 (C) 
.AJlib -40.0 jf t (440 - 480) (d> 

2j^j ilo aSju 4®-x>-j 8.53 x 10 4 ^1 p l ~. 1 ..I-? •>- j L» a-*^" l — j LjI j — i>l .6 

¥^-a 4 — L » < 1 ' 4 » . a li 0^ 01 1 _jJl 

.So *- j 85,349 Ji Su»- j 85,250 j* ( a ) 



.So*- j 86,310 J! Sjio- j 85,290 ^ ( b ) 
.Sj>- j 86,310 J! So *- j 85,399 ja (c) 

.UJi 01 V (i/) 

¥UAI jL^Mb 8.899 x 10 5 2.02 x 10' 12 c > ^ ^ U .7 

.10’ 12 x 2.02 ( a) 

• 10 5 x 8.9 (b) 

.10 s x 6.88 (C) 

• 10 J x 8.899 (d> 

<3 jL4^ L-^4> y L* .8 

<31 £* JiJl ^kJl C£-*Jrl (a> 

aJl ca^5 ji\ (b) 

cii {j* (C) 




hor\ y : yup 



i 



.<J> j! j* (d) 

?4^U ^Vijt jJLb Jj* ^So: UuT -u^\y 78,790,003 U 2jj^ o\ Jey& 9 

AO 1 x 7.88 ( a> 

AO 7 x 7.879 (b) 
.78,800,000 (c> 

.06 + 78E (d> 

?jL^IL I.U flij( aJ^C ^ 6.554 x 10' 5 aoJlj 72 x 10 5 *A*Jl Vj-* y> U .10 

.57.15088 ( a> 
.57.151 (b) 
.57.15 (c> 
.57.2 , ( d) 







m j 



^ .c-byjij! ji Lp J5 yklyl^ o^li^-P jl ^lyd o-’UsaJa^- ^ 2 * 4 * . — iL.Ji ^ .»* ^11 

j? * .■ 

l-LJl*j yS"^1 <lJLJ| ^ jj-/a j ^y^JT. N . ^IjuSH ^ j-^ jJl ^ y ^ jJl Ja— oi u)l $l^_pljiL d£y*y* 

Jly*aA-\ t\ y>?\ ol jiy~ *+ &\ -J,} fej^ f -'fe^f^ : |^ >l, 

^ c, --’j.r-f-'V^.v 5’5'".^." 1 ‘ ' 

ili.S!l 0 j& ^ *A^xJ^w*j . Lp j r M <L*«-L?x»L^»oA 1 ^ -‘■* | ^ « /3 fl 1 1 3 (_£ y-**^ • L*«P d^SvJ 

.l^i*>li>-l yJlj oli%tLJ vU' f yJy" <_£ y 01 'it^t. 

SXaUl^t c^UjU 

■ <* . 

^Jbj c((l — 3) c£y-^ y> aJ yTty ^Liu^l ^Lj ft — ]ai d\ 

I 0 2 2 'if ?/» 5‘WV. ' '! M 

p— y yt JC jy^t ^Ip J ji >x V {£ y «» A t jt 6~L* L* jlII <j^Ljf*j 

4 ja p- yjl J ^ . 4 _ .ji > (j-zJl jj ^ jl y jyM ^Lp JS^ jJjp* * ** — ■ ^ 

# iiyi: 

jy£ o^Lo^-^Sj ^jyc ji^ y* .^y2^Jl L» ^v^ xj ^1p L)tj^y*t»p L*^y 

.c-^-JiyJl jy£ oU-j-*^ ^Jyc ^ l£ ^ i£*^ 4**vA> *XjIjJIj 

(jial jjp! 4Ja5u — Jj^ AjJa^il 4 JjUaH 

U5" JjU Ji j J^yJl ^jA yJ y*j£. Oaji-l y . pi y, r 

ax + by + c = 0 
ax + by = -c 

by = -or ~ c 
y = (-a/b)x - (c/b) 




OLJpUjD 4 juM ja : jiufi 




y 

te 



+ 4 



+ 2 



< 111 1 1 1 



-2 _L 



H H I h » * 



+ -2 



-4 



+ -6 






k>« 5 ^ o 5 J^L*> ^^ja" . b^Oj iZ , — i***- ojI j — i cj ibj ia 01 it 

4 * * 4 

c$ jsM y ^ t) jisM Js*j <fy *x J 1 jyw* ' JX dx 

* - - 

^Lir 4 aiJ <j y 4 ^J JiJ & ./W y J \j <! y jij J^.dy/dx L5 — PJJ .x U -__5 

I clo'bl .51*1.1 LjjJ d) . < >il jXil (^ ^-k** 1 * ^ 

/w = -a/6 
A: = -c /6 

j£kJl -jL* ^jlJL AkUil 4 jbS" ^£j: 

3 ; = »zx + A; 

i^L UkS^ j-iL c o jlSo jJl cioLjl-L^^fl J5 aJ^-^ jJ 

.^1 ^ipl <laij - J~* £0 yjS\ Jl AJiUil Jy>- • 

.y = k <kiJl 1*— jl • 

-mn Ji-SU jl) mn ^SU Jii! • 
.y = mn + k <4kl <kiJl ^ jl • 

JaJ£ ^jzja a’.\\ • 



OL*?U Ji y : j£up ^L)l 




il 01 L^i L ‘ ' ^ * ** ^ ^|*dl Jfc *'* * - 1 ^ ^ > l Dt Jl s->> J-.il 

3-\£- jjP l*]l J-A 01 Jj jA t / i JO.' i (^-a— JJ (Jlij^/1 .AAP J A . .j*MJ 

Ar^w^\^j i ^ _Jdal> cLjb nO j-4 U5" J t4j^| 



Jjj* “ 4 ia£j 4 jh^lt 4 jjbLaJi ^Jjaj 

ai 4j V y jj^\ Jp\ ys\ ^kij ^Lp ^Jb~dl p_^j 1 <Jb c. ^Lll 1 

>3 ^ 

£-i> ji ^IJbtLwl SjlJ-l oJla ^ (j^. .^jlll dJLft iJL>r IJLxj <UP (^JJl il £j ?r jj £o 

4> jJjc* S|aflj oL?lJ^-i j m Jp I j * JUj: *j .jL *-i Uii i. 1«M 5 lilni' 



: (* 0 , y 0 ) 



y~y 0 = m (x-x 0 ) 

^■O j£ ^lJb>tLc*lj 4-Jaii-l ^J^Lnil ^>«_L* <— ^<^-4 — llLi 4* „ lllll C*>1 j— — Jl j — $0: 

<iaA> ^Oj^jJl ^l 3 J^l*il <Jj>- • 

.f**Jl >- W (* 0 >.Vo) ^ • 

.^^lUl j (x 0 , 7 o) • 

.p— * J\ j Oy^ J-aijl • 

,(oO>-j /W/ 7 - jl) o^j /WA 7 J^jl • 

.(x l 9 y{) ^kaJl ^Js- • 

•r^ ^ (*i,.Vi)j (^ 7 o) iuJ1 u« ck • 
j^Ll <iaij j^kJl jjij ^ aJIiJI b]aiM o^bUll ( 5 — 3 )j ( 4 ~ 3 ) Jl^~i^/l ^ — s^jj 

:IjlAI o*x**j i ^ bi ji 



y - 104 = 3 (x- 72 ) 
+ 55 = -2 (x + 85 ) 




j!) jA : Jup <ylJt 



yjfr jLaj&Vb 4 _JaiJ 1 Ahlx^l jIaj) 

Ob'U ijJ. .Qj p jcjaxtt SiJj Jbu Lit _j tiJL.UA! olJlJb-^l J ON' Jwb b I' 

% * * 

t * I ijLCO^ - f i ^ ^ fl I I I ■ 1 b ^ ^'. ^ • ' -Xjj jji Jltl 1 ' / ’.i’ ' ^ bfc ^ A ~ — i * ' d *>- l‘i' T Wdt'l 

: t Ur“N' «i* -bUdl oL‘U>! 



^ = ( x p> y P ) 



Q = (** Jb) 



Jl L t>*i 



m = (y g - y P y(x q - x p ) 

m = (y p - y q )/(x p - x q ) 

.Q _}' p AjaiJJ ii _jy» ll oLj'Jb-N' jU^Nb L f-.Il.~JJ Aki-J~* Jibe* J jjjd ,j— 

:L yi-Ll Jic jjJli)' ju»u.*all \f\ O^i oJiiJ 

y-y p =m(x-x p ) 

y-y P = m( x-x q ) 



zJUJLA teSlx* 



<J y Z+J (j 0 yo 0~>- Z3 oL?l-b>-N' <J Vyo jill SJiUi' ^y**!* ^kiJ' Ji C. 

.(J jN' J^iJt ^ dJJi /Jb-) ^Ull j£iJl 

3 ^ — ox + bx + c 

AtaUil y>«-j* J .(v^j y o-^J j aJ^ 01 — i (.a = 0 01 — f lit) .a ^ 0 01 — >- 

(X^ y 0 ) Ajailil oClA^l 'i/yl X\^- cAiLJ! 



x 0 ~ ~b/( 2 a) 
y 0 = c- b 2 /( 4 a) 



AjaiJl y cliUajul JL01 y>*Jj L £ Oy^J yJl A]aiJl ^ y $yil£sil oJlpLSJI aUaj aJ^aJI oijb Ji*J 

y* Jaloj £jjl JiL£b caU^JI oJla J-3 yJ lil>* .1 yL/? yL*ll lg-* 0 j — ^ il 

y p-J byl— ^ tx 0 y* 0 ^x Jy>wdi (j J-P N ^ J^iy* 

d^i J J* $ V j'— • 0 0 t y^y tx 2 y cXjy tX_ 7 y tX _ 2 lo^ x i?UJl A-^j 



X_ 2 < X_ { < X 0 < Xj < X 2 
X_j — X_ 2 = X 0 - X_, = Xj ~ X 0 = X 2 — Xj 



JULy J y£ Jl A^w-Jl) 0 y ^ip £-Aj JaLflj Oii ^ 

.i?U0J JlJrl jLi^-^Ij OJUi y J uy^^. OJULi AjlSC»l Ul& y) ^lldX ^-1 y__Slc 





a < 0 jlS*" lilj oUtIj U- ^iaiJl j > 0 <1)15" bl .\Jaii-lj 2 j j 

.JjLv'yi dl4b l>- ji<L* *yl5lLl <1) 

A JliU 

.‘aJUJI 2Ju-a)I jLip^L jl^-Lj 

>> = x 2 + 2jc + 1 

dJLpUJi Ajai 

jc 0 = -2/2 = -1 

>> 0 = 1- 4/4= 1-1=0 

< *o .Vo) = (-1. 0) co^b 
i?UJl ^ J f AjaiJl dJLfc ^ J 

x _ 2 = Xq-2 = -3 

y_ 2 = (-3) 2 + 2(-3) +1=9 — 6+1=4 

(x_ 2 , y. 2 ) = (-3, 4) t^db 

* - 1 = x 0 -1 = -2 

y_ x = (-2) 2 + 2(-2) + 1 =4-4+1 = 1 

(*-1, y_i) = (-2, l) t i*«,db 

JC] = jc 0 + 1 = 0 

y, = (0) 2 + 2(0) + 1 = 0 + 0 + 1 = 1 

(*i- +1) = (°> 1) 

x 2 - xo + 2 = 1 

j 2 = (1) 2 + 2(1)+ 1 = 1 + 2+ 1 = 4 

(x 2 , + 2 ) = ( U 4) <*wJb 

b^*j .(6 — 3) (J5 ^" s * ? +* bd~ O 4— *^4-1 • * Jj 

B Jlla 

liJUil iju^aJl jb^f-Vb i^y 

y = — 2jc 2 + 4x - 5 






SjlpUJI isl H 



x 0 = -4/-4 = 1 

y 0 = -5 -16/-8 = -5 + 2 = -3 





( x - 2 > y~ 2 ) = (-i,-ii) 

X_ x = X 0 - 1 = 0 

y_ x = -2 (Of + 4 (0) -5 = -5 

(*_i. y. 1 ) = (0, -5) 

X x ~ x 0 + 1 = 2 

7, = -2 (2) 2 + 4 (2) + 5 = -8 + 8 - 5 = -5 

(*i- y\) = (2, -5) 

x 2 = x 0 + 2 = 3 

y 2 --2 (3) 2 + 4 (3) + 5 = -18 + 12 - 5 = -l 1 

(x 2 , y 2 ) = (3, -1 1) 







.(7-3) (3 £w*j-* LkS"” o^ixii *jM J^LaJl p-b* j c£ j *■ 

. J^lijJl oJlA 




.y = -2x 2 + 4 jc -5 yfcj& ^1 ^j :(7-3) Ji^l 



i 41A XJ* 

:JLjlill 4». ./alb jcy ci j^~il c) OjftjJl <bUi ^U! J^LiJl 
(x - x 0 ) 2 + (y -y 0 ) 2 = r 2 

. (8-3) J5LiJl ^w?jj .^iaiJi UwaJ r Jiljj coylaJl jT ^ oLila^l (x^ y 0 ) Jsi — >■ 

jSLiJl ^Js' 4wjya.ll TT-.yaT ololJb-'yi iJLw y* SyljJl £ y l$- 9 jj ^ il 5 ,/?UU 4 JbU 

:Jbll 

x 2 +y -r 2 

j y I £> S^lJiil dJ u& ^LIjj <(— r, 0)j (r, 0) i?UJl £ x jj£ 1 £-* SylJiJi ai * ^Li: J 

1 0 Jj>- jjl 0 j\} y^~ ^ll^“ S>r y (0t ~ T)j (Ot A*) 

x 2 +/=l 

i?UJl J j jyM £> UaJ ‘(-1, 0)j (1, 0) j x ' £* iS**^ ^ a 

.(0,-l)j> (0,1) 





•(x - x 0 ) 2 + (y - y 0 ) 2 = r 1 SjjU ^ :(8~3) 



L 14 Jl4J (J-uIjUua 4S^A>4 



.L^-*oaj *£■ y*£; (j jj-* .J5”" j (}jb- 

• ^ OH JjJJ-i ^jaJ 

A JO* 

JA JS" ^>\ yj X pj b*U bb* L_jbj c,jd:>UlJ <jyU C~. \zJ\ d\ — )\ J?j — lil 

:<u~ij oi ^]1 j jb^Uil 

jy = x 2 + 2x + 1 



y = -x + 1 

iL*J * ^ 3 l£il ^JmII £* r ,..;:..ll .(9-3) j£ 

JJ-1 -UUj OJ oJb 



Jl £ Ia j jA *ii oJ A 

» J 1! ^ (ji b i j__^r ^J f pt. 4 

^-A 44*1 ^l! 



C*i> y \ ) = (-3, 4) 

(*2> tt) = (0, 1) 



I 



OlUaAll J-flflJt 



y 




■y = -x+l J y = x z + 2 x + l oVjU-B :( 9-3) JiAH 



B Jll» 

<f _ 

*!>■ ui^' ^ ^>-1 £_jj IJa 

y = -2 jc 2 + 4 x -5 
y = - 2 x - 5 

I *_* ^Ulio ,(10 — 3) j* O*^ .2 Lull o A — a 

^a AjLsI ^ il 3?Lii oblJl?-] 0] ,^1>- ^ 

(*,.*) = (3,-11) 



(* 2 > J 2 ) = (0, -5) 

JS s» ( 

L*jk V jl jl ^jj>- ^t5i <^utaL*ll ap 01 0L>*Sn 3 i*-* - lJj-O 5\j 

aUa n jl?t j 151 ^JJ ^-L?Iaj J?Iai 5^ Ldta ^jutaUtLl ap J j^~ • ^^Ip iJ J >- 

j .^utaUil ap a-wmaj ci ^)1 J Jj- n 2 y*- j ^ kj dilii (jutaljcJU Aliull oL^Jl £. UU> 

J ^LU dU5 j b^f dU5 015" 151 jJrl r lJL^-i ^ . J^LM ^5 ^jai) 1jl*t I r t r ^1 jwjjJ 

oJlit* o'V.iLftil C-J15" 15J o'y^btii JJ- j>i-l i_..» ygll 0 .£^jJl Idfc <0** 

J^ULJ JUJid 3 a ** y* ^Jl y £t*l^j -^'b A J’ . aujc* ^tjbi ^jp ojLp ^ j — jJl c.. 1 15" 151 jl 

AP y*£; JJ~ OAjpr JjL*J jsIaJj ^l5ldj ^^*^1 ^Lflj 




jJJ a*9?\ ja : jiup oUi 




.y = -2x -5 jy = -2x 2 + 4x -5 c.VjU-» lW Vj- J :(10-3) Jiifl 






y» j& 5JLjJj <Li» Ja A^JsjJf « <« j? — 

^P c I J lil V j v. * Q *>^j .4^jL*«J| 3 

^j* 4 LJLp ^-X>fcl— A.I (11 — 3) C^l q J a** * ^ 



^JAJ <b-bM *jJJ\ j* ob^lj .dbjIjJl l5 ^— j" q *i JJ\ ^ ji-*^ l£ — * 

^^lp 4j cIjULc* ^JJi ^jj 'M -e/ dib <£ o yljJl ^lai d*-*aJ jL~* 4 J j— ^ 5^_?b 
J\ 2rc 5 ylaJi j :j£3iJl ^^ip jl dl^c J . °57 JJLk ^>5*1 jlpl jJl :j£3iJ! 

. <pI~J1 c-^jLap ^^xjj (J,| -buAl ^l*dJl ja b«Aj q Ajjljil p -** J . jtoij 6.28 



.oNUajN' 4*aV>- Jauu JJ ja {JeftZ+A I fljaJl (12—3) J^dJt Jaj 

<K ^ 

aJlA OJT'j J oU-jjJL} q ^^p <_£ j>r . UiajI Jaja^tll I jjs> di-LaJl ^LJLpj «jL>wJl ^JOtLw-u 

^Uaj C-jl J LC.j .(3^ _y3rl (Jba-diJ Jb\ ji) ^ip*>U JUui.1 ^bcJtJl «LpL-J 1 c-^jLaP dl — £lj 4jjlj_Jl 

; l£ < 3 j c U c.-*^ lij .iJw 15 ^ ^jiLcdl jbl ^11 jy& 3 ® 

3 AjjI^JI A-JaiJl Ja j2)\ &J&*\ JA Ja^jJl Id* ^]aj jbl )\ J? j* lit ^ yC^ 4 j jir\ 

.Jj*^r\ JUudJl ja 'i/jj ja 5_pL-Jl c^jLaP dL^-b 4-^UL® 




OL^b jJJ h&r\ jfi : yup oUl 



ubjj^Vi lA j£ ja 5 jj)J 4jjUu» 



■ Ifclfr J ^«aJ-l ^gjaill <_£ ji-.ll (j oLiLl^-^n l-A-* y* o jb italjc* jf 

‘aJLJI ^Jg.wj j 



r = a 



^j>U-LS" ( 5 y^Sfl ^y*)\ .dUj (13-3) j£-sJl .a > Oj r oi > ■ 

0 

(3 4| la^ .w j LsAjI (t—.h ^Lp 1 

.;jL»Udl ob‘U>1l j 5 jU« U^aU- 0j& j&j a. .hall oUW^I 

t*>i flu 

iS J* ^ £ 3j t^bj-i3i ^ tp <J uJj^A^j (J L^i^Uaj Ji ^Jl <S oUJU^-^l pJsu (J a*J ^ji 
Jw>Uj ^^Lp ^JaJi oJUh j jJj jcv- ^bjJ UJULP u 3 yC£~- .^cJbuil ULa j Jau-^J 

. j*yi L qjla UL«bu bl iil^u Lf^J j c j£\ 

TT 12 



7 T 




0 



3tt/2 



jiAjj! 1 l-ii* Ia j^j-a SjjI^I ^ jItj>)I :( 13 ~ 3 ) 







MjJj yi'jM o^j*^ MjJ 

Aw?jS/ 1 5 j^sJl ^1 p JaliJl ^w?l (J jMJl L>f jJj cJi+^l ^ jj 

< Jc}aaj (j^j ^ Jzai f jSfl A-il >A*1 £31^1 Jajfl^- (I —14 ~3) £w*jJ .f,l*-s*Jl J$ jl 

1— -la a ll^ +90 J>Ji Aj^lj JaLiJl a*iA «AjLu«j . Aw? d ^^Jl ^jA ^j\lLLiw» r <3 j^%i— i- jfc* 

Ajjlje A> 5 £ j* <j* i *- -90 J^Wl 

^w->^jArl dlAb^ ^jLwiJi dl^L^ Lar ^<?j*il Aj^ij ^jr+. *0 (J jt^ Aj_}1j ^ «^g jail l jj 

w>jLaP £• j (<j >Jl) ApLwJl c-^jLaP <J1 j*A*^ J^jJflJl Ajjl j jjAaj .*1 ia>- iS y^A Jl A-*« Jb 

I J,llJl ^J^jJt» di j~b£- yjjJt j j^J .^gjaall jja^JLl A^-ulb (c-*> ydl) Apl—Jl 

- 90 < ^*A-l <> j*& ajj! j < + j?0 

- 180°<j\J±\ JjkJl^jij < + /<?0° 

AJJyL* ^ t julai3l £• ji^ — JjJaJl Aj j' j J-^i ® yi-Ol <Jua> > jS/1 ^Ja-^ Jp 

A***u)b >A"1 JjiaJl IjljJ Jj*X^ j£ JlJ- f j I (Jjl? Ja£ i~j j*iJ tl^li^jl <j ( J^lijS^ 

.JaiU IJLL 



AjjUmJI Cjuij±kVl 

<> ^*Jl Aj jl jj <jl >Al J^JaJl Aj jlji blyXi^i AjjU^Jf ^ jdi <Jj!jj <jjLa-~Jl JjJzJf 4jjIj j> — ^ 

JjjaJl AjJ^jj Aj jU-mJ| yJl AjJ^j oL?IJb-J 0 (^-Ui j^iaj .»L»^.^. l l Jl Aw? J Si I ^1^. 

* 

j jSj e/’jV' 4>* ^U-sJ! j (^t^» ^) OJr' jij (jc, _y) aJ AjjU-yJl 

.(JC, ^) aJ Jl ^iA-i Jp ^Jlj Jl ^iA*! JjJbJl oL51a?-| 

^ILamJI L- ilafl]! 

+90 - ^1 jiaJl (jia A jjI j 






180 = ^1 jsJ J>it Ajjl j 



-90 - J >11 <3jl J 




+90 — >lj*-aJl Jjlall Ajjlj 



0 “ J>' AjjI j 



>iijjc. 3 jla Jack 



-90 * lP 3 ^ 

>>^11 S^l' 

0 

1 ** ) 1 *> j^lLf A-kailLft AjjJajiVl e^Sll ^sI^jiaJI (Jj^l M J^J J* > H (j-a ^)Jt]l Lai ’(^ — 14 “ 3 ^ (JS 3 iill 




OUbU jii 5jutI y : yup <-AJl 



j£jJl .f Ji SL-Jl* J ^Jl&l *y>\y pJtiJi Jj*+a-.flj Utf^dyi 

:>^*-kl ^Uj .AjjL^JI Jp jxJI AjjIJ £• (dec ® jUal>-l) L-jl^-\l J^Ubi .^UaJl U-* j (^ -14—3) 

* «« 

Aja>vJJl J f.L*-*Jl (j (Jl-L&yi (j> J j-iJi ^ I^Jj IS ^£» (RA ajUa^-I) «JI 

<y N-Aj (h ^ y j) oLpLJIj ^-»Jl 3 ♦( JU-iJl 5 ^JJl cJwai J ^njl J-*a* ^ ^1 

: JUl J^kJl <jij bljjl .5 yta 360 l5 apL^ 24 d*->- coL^jjJl 

-90° < dec < + 90° 

0/*<iL4 <24/i 



^jUjJI ^JLttJyjll L jinttll 

dec = +90 




M 



.*LluJI ^ CjLuI ia>yi Jlauy (RA) ^ n*jll jj*-«a]lj {dec) <— il^aJVI l(ur“14— 3) 



^3 jlljil! fUaill 



j >Ji 



t« 15—3) j£-Ul) ytfl JjISCjJI *U*ML *ui l**‘ Jl J-uUiil oUMI 
x jjlAl J ^Js- 3jIp ilo-Ll oV _p*Il j .xyz sUiiJl jl J^Udl y>^l - eLajiJb Uil j 

I~=- ^ylSfl & J>S ^yi\ II* ^ oL^il ji Ja; .Z jyil J_^ Ji~Il jiP J _^JlI ,*— y.j ‘Jj 
isrjjlll <0*1-1 »■ jl tS^aibJl f- jUallj ol ( Ji* Z" _}l tfUiiJl <J £- j*^>J ^>wJ 

^^LaII ^1p a«~a> jli]I juIjj (j^l $<uk>- d^lp c^I^jwLJI ,a*<JL*JI o*4l J Uly ^1 

• C^U-j3 jl jl ^ jJj \h>- ydP oL^lil fljlfr ol yo j Ji j .d^S^L 

I j >Jt2i«.»i *>0 . I^Jl ^ * •> j (A ^ ^ I <S~) I ji I ^p.Iwj 

J ^ dJJ J^-iJl Aj jj d-Li (1 — ^ J\ j' — fk 

• j ^ J* c5^Skil LjljjJl ^ Ji ^ (3D) ^UjSII 





•L.LUI JXa *1^0 L J ^ *L-«a :(15-3) 

•xyz frlubill jl 



Ajjj ji^uuV) uAjjt-i^yi 

c-UiaiJl J JpLaJi £0?l JbJL>wd <Ljl ^Uai (16 — 3) £. 

(_£ jis-Al (3 (} ^JL>«j iXyz g-lpadl' jl 4-jjl^jjJl oUi>^l y ~*6'y±£ ; LjjJ 013”" 131 

tf-Ulaiil ij P A^aij LjjJ 0^ '31 .JC j <j* li*>Uajl <pLJi ^ijlap ^ „. $ou O^j Sl-> y\ ajj iXy 

<L^A (i q , r, z) P y o\ * .P* y> xy <j l^laiw O' ^ 

xy L$ y ~« ii jx J P* 0* **/ ^ = <7 
ljJi,ij p JjiJI = r 

xy (S P (^y* j') = z 

JbJ! Oj JL> xl) ^UjjV' 4J liUx- ^ai y^S 4J' oLj'Jb-^lj 

,±M\ 



OLjeU Ji hor\ y : Jlp oUl 



z 




I Jut .tUiaji]! (j ^ 1 1 4jjj£j! ^LJU^yi ^Uaj (17~ 3) ^ 

JiC <^jjl r jiaJLll tJwaj <iL>i Ji ^^Jri <J> yji 4jjljj <J1 >*^rl J jW ^jU fit* fUaJL-J li 
(long, lat, f) P *iaiJl £J *AjOj£ ^ ^ .oLiU^i U~«j P SjaiJi 

P a^aJLI J aj ji j = Long 

P aJ b J LU ^i 4 j ji j = Lo/ 
oUjIJj>-'^I 1-Lu* j P 4ia,a,;,)i (jja all iJuaj) -XaJI —V 

. jlpi WjjJl ^ ji^i Lita ^ iol> J^i-1 1-1* J JcjJ- y>r 

. 4j jy^Of <S>LJU^ yu S-ilp ifUaJl 1-1* J C->! jJdA Sjlp 

- x) (_i « aj ljLjjI .latfl 

t.j>r (j Js>ULSl jLiJi»«i) jU-jJJl <sjL 7o^y/ (18-3) 'I ^ ^ *j 

# # 

j . /iTm . I . jLJ ^J j^P .Xy cSy“*3J 

* j .(^JU jl 4*?tja) 3-L>-I^Jl 3 jLi^l olJ ^.<3ll y j ^ 

: ( JL. US' lil ^3^. j UUlku* 6 j£j JliU lJut j g\ yi\ 

-1< x< 1 

0.1 <y< 10 



jB xy ,* ji-4 :(18-3) JiJUl 




>L*£UjD hor\ ja : Jup oUl 




ja j*J\ jl jS*\ dj £ j ai .(10 aa^Jl > (18-3) j£aJ» J y jyM 

lW Jbll (j 3 jw> y l) l)I aJU- (^1 Jj ^ <if^3 c< -^ — ^ 

4Jtil jll £l^>rS/l £s->Ul <S J~- JJ la*,,.* t(JUL- <u-J Liic?!-) y jj£\ L-J>1p bl ,xy <j y~l\ ^a 3 b Jl y 

.£■3 



~ y) 4 -jajjjIpjIII u£uoj ^jLut^Vt 

y ^ J^ljftJl JbJL>xii ^a>tivJkl 4 -^-JjLp jiil eJwaJ c*>L3a>-*)fl ( 1 9—3 ) n-^jj 

«* ^ 

I*— *aH y^zju . 1 *}a>- j*p ^jjiivwAl *xy c £ ^.«.<.«*Li 

j -(^3^ j' V*j^) 5 jia^l ob ^ ^ x ^- ^, *' j 4 jxuJ1 

:Ju IS Ul j liUik> 0 j£j ^A JbLl \Jjk J 

0.1 <x< 10 
-/<y<l 

jiup\ jl jrf ^\XiA^\ OjS^j ai .(10 a a^jl ^^i) (19—3) J^aJl ^ x j^' ^ C 

JjS/t lW p—'j b*> ji! Jlill (j fj&L 3 yup x dj^S l3 aJU- <_£ \ <j ^ C^3 tc -3 — 5i 

Ajlil^ll £.1 ^>tS3 ^^**33 ^Pa^a t(4-JLv*i LJLx?r) X J bj .Xy ^jA ^ 1 J- 1 1 J 

. JaJltllj ^bJl j ^ 

y 

1 T 



0 



4 — h 1 I + I- H + 



4 — I H H + H * 



0.3 



10 




x j^^aj ^^-aajjlc-jll! c xy ^ i( 19 — 3 ) 




UjLuI^VI 

^ 3 iniljJl J^IaJI ju jl>«_i5 jU^jJJf iS^Lflu^yi (20 — 3) ^ -/> jj 

J* O' $ <J* V" j u J -jj£\'te' -xy L$jZ ~ it 

US' Lil * LiLflJ Jaj> 0 0-0. «_jl ^ijl i*— 'j • (^-r'L-' jl 4-^r j^*) j oli a jLJ- 1 

0.1<x< 10 
0.1<y< 10 

ijijj^^ ij* ^ i3 j_j£j -A* .(10 ja*JI iSyO) Or? j* (20-3) ,J5Li Jl <j jjl — ^ ->a — c 
(►—■j La _^lt Jldl (J ^^Lc. .' j*+p <-> j' aJU- t£\ (_j ,j^U. V ‘2JJi ^ jj5”t 

f.\j»r^J\ ^cjLjt <_£ j.. M U ^ «A>-I djLi>| L**^P iil . Jajti xy 

.tf ^jSlI ^ g;Sl Uil ijll 

y 



0.3 




0.3 



,^p> Pxy tS r~^ :(20-3) JiAB 



0.1 



10 




oU^bjD h&r\ y : yufi 




*1lJ\ 4jli ^1 p 



?rl 1^1 dJ^>r -LLP ^ fl 1 i 3 L^i ■ £ " 

.(w^ll^Jl 4jb£ (J d.iyry 4jyrSfl 0^ LaJp 

Laij J^laJl .^ajiJl ^_£ y-Jki ^JL 4 .1 

,4iLw« (a) 

,4j*lj4 4iL*d (b) 



(C) 

• jw (d) 

L* <iaxj 3 oL^«Jiil y'toj y <. 3.1 (j (jui^U^ (*-^y dX>^ y * j -i * ' .2 

?^d^Uil apj-*3t aS" yill J jU-\ :>dp y> 

V (a> 
*^'j (b) 
.jLil (c> 

.orwJl l$ 1p J ^s^>xiJ aJIS" oL* ^ (d) 

t^ijjlp yJl cJuaj olJU^t (j y~~* 3 -3 
J * ^ ^ (a) 

jj^ (b) 

.^jlp^] y^lj ^ ^ (C) 

•^l** OOJ^ 1 a- 4 tX ( d ) 

oUla^l 3 l^j jlp jc 2 + y 2 = 16 ibUil fbJl JSC^Jl y> L. .4 

J±>- (a) 

. ^jai (b) 

*V b (C) 

. 5i y»i aJIS" oU JU- y V (d) 
t^fl yU) f" cA*jjaA]l oLjlJb-^l 3 C— ®->j 4 Ajt~*dl Atalfc* L» .5 

.r = 4 (a> 

•9 = 4 (b> 







odaJaAll 



.f + q 2 = 16 (C) 

.itaUil 43 ytl aJIS" Ca\a jLt* ^ (d) 

4*3 4jaJLJl ^JL>xJ ^JUl j 1 — * .6 

eii ^** * *^^ 4illi£ U jj cL>*^j 

. 4t*)?i o ll cZ^Laj ^1 (^) 

.4JI (^y^A (b) 
.Ajj^JI CjlJlJLx^i {£ y~A (C) 

, 4jSj L>« wjl kJL-> Ll ^ Lwwjkl y+**A (£\ j (d) 

jlJLuf jjuj>uii jt Jfi ' j& .(21-3) j£-iJl j b^b y Bj A j (jctat*>* Lj^j LJl .7 

?jubUi! jyU a 5" ^uiJ.1 J ^jlp y> L* ^ ^li M j£Lio 

•J^ ^ ^ ( a ) 

.(J^l>- a-^P (b) 

Cr* ^ ^ (°) 

.aS" ^I* iJ.I J j\J~\ iJLP A3 yt* J^u-j (d) 




OL-pb jli hor\j* : yup uUl 




d *(22-3) 3 y Bj A bx^j bjl yil .8 

^jutaUil JJU aS" yill J jLb 1 ^jlp y> L» .^U V J^Lio 

.Js- (^t -U-jJ V (a> 
.J^L>- ©Jp (b) 
•J^bU o' ^ (C) 

. aS”" ^J^.L^-1 AijAA (d) 

olJx/ ul Jp y&\ .(23-3) J o ^> y Bj A UJL^j^ j jd:»U* bx* j bjt y? yii .9 

?tjabUil ^U> a £ ybil J jJJ-1 3 JLp y> b* .^jU V jSLio 

. c*( o^ji N <a> 

.Jjl> 8AP (b) 

* J^bU o* <Jti ^ (C) 

.aS^^mkJlI (_]^«LAl A3 jAA (d) 

? yi-di o^4b jjbM ij* l£\ biC N ob?U>-i y~~* 4^1 <j .10 

.dJL*lnill objljb-^fl (a) 
obilwl^^fl (b) 
.5,^1 oLW^I (C) 
.V-jjjU^Ul oLW^I (d) 




.^yL^j V Jtai Q\S1aa ^ i^J yajpfli -BjA Qj iHn aH IjV^ia (8 ^jLudl ^ykJjJajp ^ju»j i(22 — 3) dSuiJJ 






Wi 



im 



<1)1 .jail 0 < j P aj^*iJl ^yi <J -/a all IJL^ y* ^JLj ^-* 
^lp o jt y>^ lJl> (3**) J j5"Jj jJLip ^ 

a^-Lm^ 4j*m^> ^ ^ l*lt t 4 jlLaiI1 4j j,^> I jaII 



&~*M'^y. 






*•'.-' * • •. ? *■. 



<J>i .-L^AiAIj <3 £-^j Js * 1 ydt jj ; 

J-ii . j*Ji\ j* -**>j Je jSH jl*i i-’.uAl IjaAx^. 1 jjjJ) t jjjii _^(l j *U.Ui{ jy 

■ (u^ 1 >-*VT Jj J** <^' o^*! ( ^ ,lj - <i! 

A. , yi~ A* kXpl ^ *j l 4^»»_v3 J-pl ^JaJl dJLgJ c JLpI ^iJi &Jl4 4j ^L-ji 






Jllki 0j 41$ 




OL-jab jJJ <U*-I y* : Jufi u->bJl 



, .(jjoJaajH i .’luo ^l~4j 

■L Qj P JS' ,*-ir 

Lttj I 

aJUII oljLxiU Jbftj j .aJb-l j ^JLp SjJIj j*p i?Uj Rj Qj P j( Ja> 

.S c^-bASI tj, y^A J3 Rj Qj P -UlSJl £jii 
J^lSJl aJLp £Aj (^aII Jl ^>- ^ L 5* 



.n - 1 dJju (JjJ3\ *Ua± j bfr*-^- £* ^ 2l*ajil* 2 — Jaii « cP n 4... c P 3 cP 2 *P| ^ ^ j — ^-J 

:2^-** 2JbJl oljUJU JbJb j 
.W ajJu [/ il c^-bjiil *Uaj j P^j c... 4P3 <.P 2 tPj ibaJl ^i 7 • 

M J^LaJI aJU* c£jbl -t^- ^U aaJI fl -X*Jl ji [/ tUlaijl • 



* t * 

Lk^Jwj jJ-rfflj |v7*»»v« ia^ J ji? ^Js* Q ab£b P y <~*>\jLa Qj P <jcJaiJ 2iL*. — JLJ j — a j 

.PQ A*b^ 



Q iaii A^-jj j J,bJb j .Rj P y J-mSj 2 ^. *JL****-A ibjai LjjJ <bf ^ 

.jJLSi (2 -4) .PQ = QR J** Rj P uy. *4^1 

PQ - OR 



.4 tt>/Vu<all Iaxa :(2 _ 4) ^£a£JI 




2 u*JjJb\ :g\ jit J«AaJl 



<jjl jll cJJjJj 

M J ''■Qi P Ok “LLoI 3*JaiJl L .SJUaii* J»Lai iO>*^ j /?j Qj P jl £ 

lS _jl~ll j 0 alalJl j 5— Lai Mj L Ok *jjljJ' O^- Jb^j Q) R Ok 3JUol _jil — Ll 3 — xjaaJl 

ILL*! Oljji «L4 i JbJL£ RQP JSbJl Jp j\ Z QR JSbJl Jp OOLJl -Wi_jL 

Jl Llii % jljJl Jl jOL^ j M Jl I ^ i-lill V jljJl Jl U-Up c^l 

.Ob^l jl LgjLP j tbijjil ob*L5 LsA> I oUjjaJI oAj* 3 JLi .((3-4) L 

R 




Q 

.1 pUj Ajji jll tjjjJj :(3~4) 




US" 40j cP 4 180 <y* Lg-^bSj ^ PQR Uui A Jp jj& 

U A]mij S cJtS" IS} . j/ PQR iJ u M ^ J^rjj J,liib .(4-4) <j j* 

.<jyUaj J,} iai* -bUjj *-bUj ^U-5» -b * jj . Z^PQS — Z^SQR jU 40 j£- 4ili^ M 

M 




.ajjI jll 4 imu l^x« :(4~4) (JLuJj 




OU?b jli Aj&?\ ja : jLp cjUi 




JUbuil 



Ji JUb .L ^jc-AS Ji ^ V ^ R .Qj P A L (^Ai af 

y\& M Oj^o 5 L* ^Jsl£> (j L <+■ ( 4xi_) R jt'jt.M -k*» J — »-'jj j — *-'j jv-ii* 



-itii (5-4) £->_*< .L J* 



M 




2 ».y.,,...t i 

«* 




^AjfLrVabMa^ — ^ ^ J ‘ ^ fl ^ l i ^ fV ) ‘/^ * 4 a* A||M A ^ f J 

4j jL*v« P 3iL~il o j — o-j — A Q <h-A ^ ^ /j ^4mAaam- — il 3 — *JaiJ! £— ki M Ja — ai 

(6-4) j£sJl -Aa-'j 4*JaJ A>-j 4 jbJbj *P <Ji 0 <>* 3iL^JLl 



.^JJi 



M 




«* 

.4.<a iflt> 



i-all AnJaftli c, ,.ib^iu 1 JLuj :(6— 4) (JSajJI 







CjIaLuaJI r jJaj *-AAi 

j**j (Jls)l>j -Rj P o a Q & j& <-- Z L j*-As~Jbl jjIp u»u; Rj lQj iP 1 

:((7— 4) jCiJl) L (..i;-U J> J* oliUit j* iJbll 

P Q R 




QR 



■ CAil mil :(7 — 4) J&JaA 



PQ + QR = PR 
PR - PQ = QR 
PR-QR = PQ 



Mjj 1 ' C A* 

\jl_ 5 jJl Q ij a ttJl .ii * <3 i*ilj •i’Li g jt Sj iRj iQj iP — 1 
Jf> yui oViUi! J!jC JliiUj .(8-4) J^iJl 4 c~*y J* > — S < ZSQRj < ZPQSj t ZPQR 

oL-LJ 

ZPQS + ZSQR = ZPQR 
ZPQR - ZPQS = ZSQR 
ZPQR - ZSQR = ZPQS 



s 




Q 



.UjjSl c > Jt ^ : (8-4) JtiJ 




OL^bjJLl Am^\ jA : jLfi ejUt 



vr* 



oJijL Ujjit 

UljjJl ^jjS" iLLiiil LljjJl ^pJJ . P 4jai,;li (J Olj^LSi* Ob-Jai**^ A/j L 01 01 ^iaJ 

.LJb 4 jjL~h WjjJl* (9”4) J^Jl e) _y Uj^Jl £jjj X 



/w 




^1 jib 51liUl Ujj>ll :(9-4) Ji-ifl 



L&h 4 JjL1aA Ujjtt 



• ♦ 

4ji _vi_/t j 



* * 

P ^jukiJL Mj L ^kflj L ^Auw>u^ N ^ ji^L* ob* Mj L 

ii j^ljj jOwj 4t>Li// 6/^/6 (10-4) J5^U)I j x l*Jl jUit UjjJI ^-b' .JlyJl 

> jwJb^Al ^^Lp Io^«Ip iV p -ii-il Oj^o UL>-b ibbil UjjJI . y t$Jl jUtll Llj^Jl ^Js> 

.x = y Ob" bl -Lai j bl M 




.^jUU Ulib aLUJ Ujjll :(10~4) 








\ jlx jlib ^jLIaS LjijjD 

* 

Q } p ojdaiJL Mj L £ki U. wmi* N cy^) J fi/f j L 1 01 

wJ y.Sll j-ki _, ‘ L*-_,^ iljLdl L/ljjlL (11-4) j£iJl jLii! U jji\ ^jJ .Jl y Jl 

_j Z lo ^.U- jV 0_j£j -h L^jU- • y j'-i-L' W jjJ' , _jk 

.x =y OlT lit Jaii _J lil M 

N 




i jiaum uijjii 

# (< 

^ _Z> A^ \jk& Ia ^ A<i * * w * A J ^ « Ot.^jl^*''* l) «* ...—i* A(/^J L {Jp <» * A * * «* L I l)I J o-fiixJ 

j-kuj <:aJJ>LzLf LfjjJL (12-4) JSLsJl J w L^Ji jtiil UjjJl Qj P Ua -X 

to y\*> N | » . Ju^ Lt O^j .Aj jL~ 1* a ^Lill UjjJl .Zj iy J tX l*-Jl jUdl UjjJl 4^a> j *^l 

cJtS" lil Jaii j lil C 0L.il J w— jc— _ y— z — 90° = n/2 OlS" lil Ja a* j lii A/j L il 

.4^oii £ jSn 

I Aw 

J 0 ^ M X& Jj>-Ijj Jj>-lj wb*r . A-1 p 4^i! j j>P AjaoaJ Pj U-Jll~w« /, 01 y> J liO 

01 jSlc. .AjJLii^l a-^jujU J oUjLAI j^I Lull IJu* J$Liu .((13-4) JS^iJl) L c^jlj j j 

# f s . 

^)jL* ^*,A*.*« ■* ^ ^1 t I i ^ ^ tX>r ^ t*| .^j^LAj^Sj I JlO' lO_A 

4>U»I AjaJiJ^Ul A-^JJ^U AjjIjJI J > *>■ Ixil li-A J ...cA/ 3 J cA/ 2 J tA/j 

. jJLLaJl a>L«JI a^w^iII ot ^)ajj (jwig il oJ-LaJI f-LOL^jj 





.AjjLuiia s jt Uuil Ujjll :(12“4) 







.g?ji jS» :(13“4) 



JjLIaII JUUafl 

OUjaJL Mj L .*0.1 01 . 4 ^*<j3j ^** . * 0 1 (Jj *^ 1^ ^a«A * * ** — ‘ Mj L 1 

^ ^ ^ ^ 

jl ji* Mj Z> OU-ji^vIl o/a osyjdb .N ^JLp j^Ip Mj Z, ^ — T 01 j t# b — JO U.J i~. — * 

.((14-4) jSbJl) 

cjHiHun 

015" 4jl ^JLj Ji .b« oJL* IA ^1p lil <j ^1*0,1 <~-JjlAI ^5f 3 jLp cjlibib jSjH J 5 

" JOxlil j ol J jlJk^r flJbw^b oblOb iiLdl 4 j ^J stJl j* !l ^1 j__jt ^ ^ ^ Lj OjL Ip 

.J-jxj JL>- Ua3b^ ctJL^Jjc* ^ 1-^i J ^*^1 <3 1 j5"-bj J — 5j cb*jl s<? 0-1 <Jbc* 01 — ^ 

01 OaLlLOI <J^>- 4^0®* 1 ^iS"^fl ^jLaA-1 ^yjju j t a^j b bjfc O-b-'* 4 j ^ lja- 4 b^-fclj^il d« «*«*) c b«**_ . >~ 

.1* /Jb 










N 




ALiJ - AiaAj - 4l aiJ 



j jSo JUL j J 4jtii j jjP 4-Uail^ J?Ui — J P j (P — 1 

.((15-4) j£^*) 



<Jdi 



p 




- jLii - ^ CiliL. iiitfa i»liil! \±+ :(15-4) 



.T vi-iiii c/'jJj Pj 4 P • 



£-Lua - £-Lb - J-Lua 



^Ip 4^-JLLw*J. 1 ^JajiJl dj-ft <Jl^l?i (,Uj itj C S c&J , A a* A ww m ^ ^Jai ^ C/j c 7_5 iSjS^l 
0L» .((15—4) («rlj) /?j ‘-P J (/j t7j tS 1 oUli LUs_j Lit — iiJj 




OLjpbji) h*r \ ja : jLp ulJl 



; 4JLJI oi jLaJI 

M W J « 

.lilt* C/j c T J iS • 

. LJj tP j ap^Ls^Ij o • 1 » l ' lj-A ® 

.(jSLiJl J j aUI*j>) aIjUs^* Wj c/j C 5 l$P%^t J ^L>f 0 ^Jl oliiiil • 



5 ^* “ “ fcJuJa 

Ji >> Ji 

P AjaiJl l^f j x <ij\j d^Jij Tj S j* O' Jp j*\ . Ji j}\ ^ip tj S 5 ji^i Pj 5 

4 JUI oIjLaJI o J lxJb j .(( 16 - 4 ) j£-iJi) 




.^Lb - V, I j - ^Lb ci^EL, :( 16 - 4 ) JluJ 

<* ; 

.lili* xj tPj t 5 ^-l>o • 

. JL>-j jJ* P ^)a.fl«ii J$ -£ Pj S AP^Lyai (J>«iJi tJl.. I tl l • 

.AijUa^* obli> ^ x 4j j'j 0 !^SLio J tj S Uii^lai OytUs c£ y£ ^)1 olilili • 

AjjI j - £Ua - AjjIJ 

S 2ja-- I _jj iiSLill U _jjjl _yj X -Qi P OUaiJt Ulj Jaj s U Js 4.». a:- .. 2 — 4 *i 5 — 1 

oljUJl Jj£ Jbibj .(( 17 - 4 ) J^JI) jl_jl J* Qj P ijckiJL i ^ ./- A/j L 1. ■ tf l .. ^.k Lj J 

:2^^. jJbJl 

«• •« 

cJtj cS ^JL>J • 
dJiL« tJC_j iS ^ja.^i^j . 5 «XsM 0 . 1 « 1 1 ® 

C^JLii ^UiaJi ^ yj x ji oUi ^ > j t5 aJ^I? olilill • 

.Aijliai^ olilt* ^ 5 4 j^i? 




I o 








^jj' j - ^iiO “ 4 jjU 

yfi yfb ^ ^ ^ J?li (J§ 4«ii J LS^A (Jy yLs.~.* (J5 Aai\ J cA/^J <»L ""^ 

aJUI oljlyJi 0 JULj .zj t_yj tjc ^ J Ujjll .(18-4) jSLiJl J 




. <jjl j — <jj! j — <jj) j :( 18 ~ 4 ) (J£*SJI 

.zj t_yj 4X aJUOjJI LaUIjJ Oj^j oLiiill y* ^JLi ^ -b>rjj ® 

^ <~Ju JSLiJl Li) aJ>{j~ia olil u ^ zj tyj tx Wjj dAH ^il oLiiiii • 

.(<u-jL> Li Oj^j 01 

£jjxLa 1\ (jj u/u dJiLait 

U jjll zj tyj tx *wj c 5 Lil j!b\j f/j 4 T ^ c5 ap^U^I b — juJ 4 — ;f ^ 7 — iaJ 

aJUI oV^Uil ^ Ij jf ^ >1 .((19-4) — !l) Jl ^-L p t/j 47 j cS a-JLULLI 




jJLl ja : jLfi ulJl 




kjjUUij jjiiLiJl ajjL^ c£&A\ :( 19 - 4 ) JiAD 

s = t 
t = u 



s = u 
x=y 
y=z 



X = z 

: 5 J-ly* 4 JUI 4-iiaAl ol jL*Jl j (jytLjsJf (j jL~i* dJLt* cbJill 

• .x = _y Oli c 5 = t 015" 151 
._y - z Oli <.t = u 015" 151 
.x — z Oli ls = w 015" 15! 

.5 = f Oli tx =_y 015" 15! 

• t = w Oli ty = z 015" 151 
.5 = w Oli tx = z 015" 151 



g'^UaVt (g j\*u\a CLilUl 

5jjUil UjjJl zj cyj tx 'Uj itj cs U>!^1 ?!j f/j c7j cS ap%^I L>jJ 4jt — a! 

ucdld\ ov jM ^ Lt Of Jp ji\ .((19-4) JS^Jl £>ri j) Jl y)l Uj t7j tS £}U»SU 



s = t = u j' x = 7 = 





4 -twLi! \g\ J\ 



4JUI A.flkdl ol jbdl j £ %^yi (J jL~Za cJliil 01 J yu J,UIjj 
.x = y - z Oti ls = t = w Otf" 131 
= t - u 0U a =y = z OIS" 131 

,4-4Lid4 ^ 4 jjL*+o* ti^lilill 



lijjC-lSua Ajj& 



«/ Ul>t jFj, lEj iD AP%>i )Ri<.Q J iP -1*UJL =b jljJt vUiil bjj *jt 

• 4 JUI AiiUil JjC- JUbj .((20-4) jCsJt) UftiJt SjjtjU J{Uil .JI>Jl J*fj iej 

o 

* a>c ^>«^9 LJb 



^+e 2 =/ 2 

* * % * *■ 

c4-OA^- AjLbJl aJ^IaIIj c£?j id AP^A-^I <Jljkl «0-Jb» Ju>r j 13j ^baj! 4 j jjfldl db& 

. aj jljJl lib* UjLp cJLiil Oj^i 




.CJjj&IjjS AjjJaj :(20-4) (JiJJl 



bill*]) kj'v A 

ls^ ^ ^'jkl C/j iTj iS <£?%&\y Rj iQy lP -klidL jjl^i o^.ldi baJ <ji :il 

UX 0 jy^\ Aj jljJl Xy 1 hy coOpUJl J^k 5 .( 21 - 4 ) (3 y* y^ b 5 ^ ^J,l ^dl 

iblbl Aw.^Jlj B bbill ia«^ ^jsL*j ^bbj . 5 L>jU jkl ^JLUl Qi m ^ 0 a 3 l 

J? =5 + f + w 



AaLulaII 

vl bUlaJl a^LJ. 1 :>L£l jSo: .(21-4) j£aJl Jl ^ ^>-1 Sy* op ‘UjU ^jl^I cJLdl baJ jSk) 

1 4 w..yaJl ^IjOkJU^L 



/l = sh/2 




a tor\ y : jup c-jUi 



P 




.iLEuB -ki^a :(21-4) JUJt 



jtiAt 

>Xp? jj .^pb jJf j 2 4 ^jj) c£ (J> 4 Jl ^P«Aj 

0 1 I t^ys* i ^ 4 ^ . ^^Ip l g t A& j^a j iIj l a «iy3 ) oU,.,,-P 

.^Lj-iJl <j aJLi> j 



£}UaVl ^Jljl» jUafli 

<x]a3 Z) .5j t£)j tZ ^jS/1 bJL£ j\jZ* l; j jJ jl ,j^j — ^ 

(jjx-^aJl) (_£jjidf jJo-aJi D O^j ^lilljj .(1 — 22 — 4) <j j-* U5" Rj P ijv 

:5ilk> D >iil *k~^ SaJbM ol±ii j <.^L#i\ 



AP 0 tf = AflSP 

jh-aJi E Oj^i .((^-22-4) ^j>rlj) 5j 0!rf a «***■* 4 — is t jSo — \ 

. AA) Ua».* E a]o^\^j oi-J-sM oliiillj 

A^itf = A&P0 



£^LdVt Jljl<» jUaSl ' 

,^u jJaiJl D l j^_j .Sj tPj t(?j cP ^ jS/l J»UJL ta-L£ tS'j'y* '-i-'J Of 

P, D JA JT JhJl J .((23-4) jCiJl) 5j 0 c« J^tjJl P o 5 ^ _) -Pj P 

iSillai* iJLJl oblill ^Ijjl jli tkiliJL! i»L^*y L; ,T *i>ljLJt iUz-., 

A PQT = ARST 
AQRT = ASPT 

* % * ^ & 
c \ ^ */i fu ‘__'° : " ^pIj j L^Jll 0^" iLiajl Jj-^ ^ 4 ( _/ m 0] 




i-i. t Al ( _ r wit ;^jl J\ 



P Q 





P Q 





(I) >534 cjliLJI :(22-4) J£i« 

4fl\l ^ jl jja] (cj) ^ 1 jj'i^j' jl 



P Q 




j* : jh-p <_jUI 




oljU*Jt q* 01 jl ^Jo yi\ .Sj iRj ‘■Qi l P JsliKj bJj«w* ^Zh*p\ \ji* bjjJ 4jl ^Jo yi\ 

4*** Lfl_« Ul* dj 4<»*»dL) 4pt*p**p blLdi 

ZPQR = 90 0 = ti/ 2 £Mj 
ZQRS = 90° = ti/ 2 jl^lj 
ZRSP = 90° = ji/ 2 jbilj 
^r5Fg = 90° = ti/ 2 OOilj 

« ^ y 

^pLj ^JLa* t %Jzz~* £^>L>S/1 i£j\y> t90 4-JbOjJl bljjJl Oj£o (J^ — 

.90 AJ>-b ajjIj <^1 ^Li jjSvj (JlxlUj c((24-4) J5diJl) lf*~^ 4 *L>-LaJ 1 aUjj 

P Q 




R 



,%Wxm (jj jl* UJ^ gOLifrl g?J U jji ^J cAZ 13) :(24“4) JliSI 



j jiu^uii jUaSi 

J^l^i jJaill £) .»Sj cP £i j^l h-bx-p ^ jlp» ^ pi 

e cJ E Ji ‘-d <J D Ji .Sj g Oy J-^l E J -Pj P* 
c£jl p» 015" 131 :UajI ^>w? u ~£*ji . JJa^~« c 5 jl _p Oli <.d = e 015" 131 .((25-4) J5di — Si) 

djUajl c-Jl5" 13[ Jaiij 131 Oj^j ^OL^S/1 c5jlp* 01 ,d = £? OU .^S/l 

. d^iftJl 4 j^L»*JLp 



£jjila1\ jUafll 

PjuJ^ljXi JaH\ D .S j ci?j ;0j <P C jSfl -UUJO bkl <Jj\ _p bjJ 4jt ^^-al 

i. > y jlil j'. y'^‘E J* (p. ^ -5j 0 Ov tM>J' >SJ1 E iRj 

^ (0 & 

015" 13| lUiajl . ((26 — 4) jJ^-^1) djW AP*>Lj3i ^U a * q — ^ 

.dJL*Ul* djljail CJ15" 131 Jaiij 13| Lap Oj^j ^*!A0?S/1 ^jl jl* 01 /) Oli 4 Lap 





:g\ J\ 



P Q 




.JjU la JaW^J jlLri :(25-4) 




uillail ui jVufl 4a*i 

s' <* 

T ;jp/? ^lyall Jw2^ 5 ./?j 4 0J t/ 5 J?UtJL taJ^£- LtLt* L>jJ jl 

STQR yj* RQj ST ^ia.a3l *PQ ^^ 11 *a — *** 

4 ^Al*^Jk! <UjajLJl J jb jli t^^JUJLJ <ilvJ^fU .(( 27 ~ 4 ) OUjl y* j*yuLflI> jl*JL^> *ui ^P>bj ^ ■* 

>RQ AjtjaiJl J jl? ouajJ jL~a ST 



p 




.di£Lail (JiJj l tj^iJ :( 27 ~ 4 ) JluJI 





OL-^UjJU Aj^\ y ; jiup c-jUI 



ui 4jJ 4 1 &uf jIa 



lPS ^*lval' T 'Sj lRj lQj l P £oSll 4?bLJl> ^JbM _^>»Jl! **Jm LjjlI aJI 
M .PQRS c <uj* h**> jzc. TU Ajtlajiil jj *QR ^*1 va)' \ 0 -/* - ■ ■* \J •*• ^ 

j/i Jbitj ,S_5 J?j iUj Ji UJb jjbM ^JUll jV^ .7j tLO t p iUJb iJUsM ( JUll 
ft/ UaiJl J> OjSC t^JLJ-jJ AiU^b .((28-4) j£oJl) *J» j>^ v* JV, M j—* J—T 

(^l**s4-l ^aIIj) .i a ** jL» TU ij jb 01 (^1 .SRj PQ a ^ . j 5 ~ 1 1 ^lajiil Jl ^o\ i^jLsaJ b^jL *. — * 

.SR j PQ Jl >1 




.Ojuall v*i )a ■ ‘j' * :(28~4) (Jiu*li 



Ujjll £jax« 

aJ^IaIU Jlilb j .((29-4) J^-iJl) zj t^yj txj cw abljj LpL> j IjjJ jl ^ 

:oU-jjJ\j bl jjJl cJlS" 1SI aI*£ aJU! 




.^Lj» JSull! Ui»^l Ujjll :(29-4) Ji^Jl 




i-jJUi! jit J^ili 






w + x +>> + z — 360 

:3ii^ aJU)I ibUlli t jb^l ^]l> bl oJlS" bl L»I 

w + x+ y + z = 2 k 



** * 

_j> 1*5” ej d Jl 5j t/?j tP J»LiJb ba^ ^y^o\ ^j\ _ji» IjaJ jl ^y>j — :AJ 

-1*^ (,5^ Jblbj .£_W jMI J_jl» hj Sa^-Uil J j& d .(30-4) j£-i — it <3 £ - y 

:4JUl iA^b B 



B = 2d +2e 



£%Xi\ $ JIjaaJ ^tjA AaLuiaII 

j 4 ibUlaJl Jb-Uil ^jianj .(30-4) JSCaJl £ UU jJuil ^ jl _p L>aJ -of ^ ^ 

A = dh 

P Q 




.JpU JLUla d = e >j] -g^b-Vl ji. j :(30-4) Jiifl 



QJXa]) JfljAA 

_jA jjs*^ .4jjl—i* Sj tPj iP -laLiJb ja^l bjjJ <it luij 

(Jl^p^l bpi .d = £ ((30 - 4) £j*rlj) *W?bi. 4 ib- 

tObil i $ ^Ltll la ,d { ^ j^-b ^**il £^^bs<al 

5 = 4J 



4 4 -i * 



JjslaU 4a&!4Ji AaLaa I I 

A bUUll i»L-il Jaj .(30-4) j£aJl J bLL. ja^l jLi\ M d 



A = dh 




ji) 4a flj-t w>Ul 



j U5" ej d ^s>K^\ Jl Sj <>Rj lQj cP J?UJ\j *j£\ JJaiwJJ L>uJ 4 J ^ jJlS 

4*~*aJlj B Ja^ Ja*j JIiHjj .^Uij'yi J J* e oApliJl J Js> d .(31 -4) J^-iJl 

:*JUi 



B = 2d+2e 



Q 




R 



.^j^4 (jSuuJlj d — 6 (jl£ lij * (JjWitrtflty AaLoiaj l au ? . a 1^31 “4^ 



JJalu^ 4*LyyJ| 

^ 2LUUJ! 3b-Ull Ja*u .(31-4) j£-iJl <j LLU ^JUsM J a jfli^U bjJ aJ ^ yiJ 

A = de 



Jaja-4 

jJb Ji .4 jjL** 1<« Jl J>lj 5j tPj t£?J tP £jjl ^ (J^J **J 

,d ^J-Ij £jUi?Sll Jl jifll J[ ,d = e L$-* ((3 1 —4) J^JiJl ^*-1 j) JJai^«JJ <w?L>- 5JL>- 

; aJUI 4juyaJ\j B £-j Jl Ja^ Ja*j 

P = 4cf 

jjjaII *Ulil ill 4 aLu4aB 

A JLUlJdl 4^L~il JojJ .(31-4) J^JLj UiL- £ Jl baj 4if ^ 

A =d 2 

LA I jaIaJI Ajjlh a 



gj <.ej id ap^A->I Jl J s>Ij ,SJ tPj <>Qj iP i?UJ\j 3-isM c—j j^A\ <ui L>jJ aJI Jpj — iii 









ajjIjII x cApUJji hj 4i-3 ^>udl 4~i oJLpIj J d .(32-4) <3 ^y^y y l ^ 

^JUl ^ulUJI jt Ja jjd .gj d (jytUall jv * y j .ej d Oi*Uail Jy * jy*- 

5 L-3^>«-dl 4**i Ja^ ^Llbj Z?iS* ^U aM) Jbjl yA fj d l ^ $| -b 

B = d+ e+f+ g 

P f Q 




< « *1 4_Ujj ^^.1 ulAJ 



:(32-4) JiiJl 



cj ijajun 4*&i ^Lu^ii 

,4 U*.Ull Sa-L-ll ^jlaju .(32-4) jSLiJl $ LiL cJ _^ll *. i Ll^o) a_J J>j-^ 

• l lj 
*■ • 

^ - (rf/i + jh)n 

JLaSUll gjlaM j >1 jjll 

^ — U ^ cijLi>^il J jluJ Leo .^3ir Js» jJaiLl oLi* j dUj S"b 1 * 

fcbljJj ^jA 4j jSoJ <JbLii < y t <ji-v»b ji! y.Jb UULil LiLil ^t. r ^a. ll 

Jij ; jjJbjJ tJaJ-1 .WlpjJ Jl — s t<_£j — >■' 5 pr j *j 

4.., ^:a . V 1* 4j ^LaU b* J5"* jl . LLvl ( jj* 4 IT ( J *j*Jb 0 j. -^>b 

.aJLU 

S jit .ill hj\A 

tZ? Ja-^1 *(33-4) ^ J* b*5" r ^ OWaj 6 Jb LjJ <j\ Jp jjL$ 

K> 

; aJLJI 4jc**aJb 6 JljJJ (.SyfljJl CL42jI ^PJj 
B = 2nr 




jJJ j-® : jLfi <-jUI 




.SjM a -kl i>*Aj lij % a : (33 4 ) 



A SjUIjJI i^Uil al£l L /s. .(33-4) j liL. 5a-bil SyiaJlS' Syla baJ <ot ^ t»-.l 

• At. it ojjfc 0 ylJLii 

A = nr 1 



^Jalll Jaa^A 

(^£^^1 j^^-1) ^ ~ * , {u & 1 C».« ^ L^t li Lw j at L — jjJ jl { ^y> j— ku) 

J±*^- ^ j awj (J,Ix]1jj .(34-4) (3 jji V*S* (^j^-^l jj^I) ^ ~ — > 

IaJLII 4~j yaiil ^vaJL) B ^yaSUl xla.tf.ll 




. (j-osljll ( xJoa 11 ki-%. ^ :( 34 “ 4 ) 

B~2n [(r 2 + s 2 )/2]^ 





^JLAt :g\ ^1 \ 



O^SU A *1\ A*Laud 



^jaalJ 3 Jl>-Ij 01 ^ja/J .(34-4) <J liU ^JauajlS^ l«)a» LjwO lM J^aAS 






A = tc rs 



^'V'vtt J *rU. A\ A,aI A UA 

^ ^JaxJi oL>-L~i olxll (j^aju oJ-ft di t^r 4 (J * * «* la — £0 O^lj 

<L>JLlAI jjul jjtl 4 jI <^l 4 j ^J^J f-la 33 J-* ^*il {* j ^xJ>-J 

. (4_^~jjl tj l£l {j* ^ ^ ^gip) A*iJ _^ail s\iyJ&\ J £*-^11 d ^ Jb .^aJj^l 

fjfrN f** 

^g)aju .((35-4) j£-iJl) A jlj A ^-Uai tfaplj l>^ — * L — .>aJ jt ^ ^ — xaJ 

4 w . ^ ]\j V £ jb\ 

V = AhA 3 




^iaui A^Lula 

J^jJI) SJipUiJ! ^ jA Q ij^j P ,d AjJLpli \l?jj£- LjaJ l)I ( j/3j_iaJ 

djL*p dapLill ^1 p aj^^*Lp PQ 4-wAi^iil aaJaaJI ot j nil .((36 — 4) 

l (PQ AjJajaJl J^l?) ^UJj! /? cdJ-pULlS Joa cJwaj r 

5 ^Tiia^ ^jiaju ^J»Llllj .JP <L*JLilj 3 ylaJl ^Ip aJoju ^1 L-li* cJ* ^>- J jb $ 

e£J^»-k (SjlpUJI ^ ^ ^ */2 n 




OL^b jJJ Aj&r\ y : yup uUl 



S = nr 1 + nrs 
5 , = 7cr 2 + 7tr(r 2 + Zi 2 )^ 

^ ^aJLpUjI i < 1 N) T -bjyU.1 4>-L^ 



T = nrs 

T = nr(r 1 + h 2 f 




.^UD Vi*>i :(36~4) 



«* ( 

aJL^IjJ! ^^Ip ^ jl*-* U?jy£ b — jJii jl — i«jJ 

Oj^j cL^rj cdwlpLill c£-bil Jif <_£ <3 ^JaA* ^ J ^ — ^biaJ 

4*jagil J j^) 9 LaTjI h .((37~4) X ^bp Aj^j — *bp PQ — il 4 — ajai-ll 

jj * > 

otJj LS^ 1 (PQ 4^iUvIl 

V = Ah / 3 




.flc. ^Ljja^i ^iaJa :(37~4) 





jJl J .mill 



4 J! jkutfl £ku. iuu 



ayb jf J* Q tAJljk^l oyb jS"^ P . 0 yb ULipli aJ 1 j,U.J Uj jJ 01 yiJ 

2UiJl J yb JS" a,o j^Ip Pg A^Jai~ll A*jaiJl 01 ^ ^1 .((38-4) J^-iJl) Aji jla^V' oJ pU 

L^pLajjI /j tAjl jja^-Vl Jh* i_ * ^ « a* O ^Ob 4jfjJz~*f Lj JlI Oj^j JU iU j toJi pLijlj 

A-^jsJl J yb Ap-L^I a:***/, a>) $ aJ1j)?«*^1 tUx^ <U>-Lw* ( ^jx*J ^J,UJIjj . (PQ Jj-J*) 



(oJLpUJI j 



*S = 27tr/? 4* 271^ = 2nr ( h + r ) 




.A^ulill ^j3l J fcl ^kuaVl : (38—4) JUJ1 



(oJLpUJI j A^JaJl j, yb A>-L*i A.i^ */2 a A J>P) T AjljJfl-^'yi Ap-L*^* ^Ja*j j 



P = 27 crA 



^jUUI jjjIjI! ^JtjlxuiVI ^ 

^ ~ ~ x zlt V (^ a *i -(( 38 — 4 ) jJSLiJJ ^Jail) s'Af’l SiJ^I Ail jia 3 Jl _jja«*l bjjJ Ail jiiJ 

j»i >i t/yuJijijj^ y i 

V=nfh 



Aj)jh« ill A^Lma 

d-ipLoJ A-ls-l-Ul A •<3^ L4 {£ j'—- * ^>w» iiljh-^l UjJlI Ail 

Syb .k^t JUL) SjpUJI ;ylj Ja-tf 5 jSLJ .(aJI >-»V' =ui v'IJlS aJWuJI a^U .1 JbJb) Ail jk^l 
a^-aJI ^ ^5b u£ ^il c**l j ^ i*« A l ajUjUJI 4jj ^.UJl a>L%*s 1I jl ajI ^ L aJjl h ^l -^i a*jJI 




ot-^U Ji y : Jup oUl 



kUJi J^2J PQ Wai j oJLpUJI o yb ^ ^JUl <J *i jljM X I .«X pUJI j 

Waiil J > jf Ail jk^l cJy- J> 5 . Jlyj! tSxpliJl S^Jb J 3uiJl Syb J» Qj P &\ >1 

A*iJl Q> J b A^-LJl AL*-sAl*) 5 Ajljkv-Vl jnjs** A>L^« ^^k*J jUljj .((39 — 4) PQ Aa< <.AL«.» o . 1 

(dApUilj 

S -2A+ Bh 



A = Aa. 1 **> < *1 1 




.^ka * 1 " j A^alc- Ajil^kuii j ^-kuj AaI *jl* *^39 4^ j£*5J! 



(dJLpliJlj <UJiil Ji, yb A>-LJl lu-sial* j\P) r AJljkv-Vl jUa-^ \pA^a 

T = Bh 



& % 



jte- 

still V >■ t^3*i .((39-4) ^jail) O.A^I LjuJ AJl ( Jpj^kh 

j»i>t fUi^ijjz-yi 

V = Ah 



ft jiH nixyi AaLulA 

rda-* .( 40 ~ 4 ) J^LiJl j _^A U 5 ” tr l» Jai ijt^iaj i £ LjjJ Ajt ^Je j — iiJ 

A i/Jl 



A = 4jcr 2 









. (3^® <ftj a j £tisuju I (40 4) (JSmJI 



^JjS ftjAA 

jjLsJi F 1**^-' tj**i .(40-4) J&Jt J 1 '^' 5 » j> bj-U o! Je 

V = Anrfi 



1 gJa* " 4 a1.< ua 

A * ,c *^' 4>-L*^* ^a<u .(41—4) J y* y^ l*S^ t,y ^y^ b*^ 4 bj«Al l)1 

.4 = 6s 2 





F,^J-I Ja4 .(41-4) j£iJl J a^>ui iJi^i s ^ilT (-*£* M b\ JejjA 



V = s 3 




.»♦ . * > 

^iuia-aj L- 



^jk.% j Vi»» 4.^1 » no : (41—4) 




OLOpbJJ jA : jLfi <->Lll 



(£j\ JIa I JjJalutA AJJjpti jjAja ^tivu* 4^L*4 

{3 £^PjA LS"" CW_J 45” 4Jj^>- <Jl_Jl JJ3 «•*■»*♦ 4j.ApU jyZtjA Lwli 4— Jl j—JJlS 

A jy * Jl L-L^, JaX!' .(42-4) 



^4 = 1st + 2^w + 2/w 



(Cj^JaluuxIl ^ jl jiU| 4,lJaTiui4 






J ^jLl jj-i JlS"(c- 



}L)aI*Jj jl jIa) iLJalw^ 4 JJLpii \j J i» L jjJ 01 IaJ 

jlill j^liJ F^l J*4 .(42-4) 



V = stu 




. jjiiLa - - j 4ljkli.^ Aoicli j JLu <aJju*A :(42 4) Jb ylJl 




j£jio AliJ 2LJU? Jp c^rf 131 iJu* JU*-dl 0 j£j .djj^aJl J-P J^aiJl lJu& j ^1 Jl J — * 

if 

,c-<b£jl SjU ^ 6i ^s - jA Aj^rSfl 01 Lip 
?S^jirl JaJ <JwaJ L JL» 8.000 X 10 9 *1 

JL, 5.12 xio- 28 (a) 

.>> JL,2.000 x 10’ 3 (b) 

• jr* 1.241 (c) 

• y* J** 512 (d) 

Jp jSll a>-L^, ^ L .LjiJ (km) j — 6,400 L j — % Jp jSll j — Li Jm — ’ ( jL — j .2 

.aJLIS" jp jSfl 0? Jp j*\ .(Ojj O yOi j jLpVIj JL- ?4jw Jl oi ^i, J-^JL 






jJt J ^ali 



1.28 x 10 8 (a) 
5.1 x io 8 (b) 

(c) 

.ol< jl*ll a-L* as-LJ. 1 <j£jr. V (d) 



1.1 X 10 12 




* * 

{ j& yj\ Jb>-I j jl* aJL^IjJI 4 ij j>- ^jA ^ J jl? L*SC* 15 ol ^isf .3 



oU*SsJj ( j*jJ&j c,.U? j t 1 JT 



Cdjywaii oLi^J.1 v* o O' 

jl C- »Llj . ^3 j. \ ,J| l , j a 

?3^$J.I «jj a o-^jl lil i__w«£jU» j*T .J jJLwail 

.$10.00 <a> 
.$100.00 (b) 
.$1,000.00 (c) 

.»5lc4 SjjljJl ^ 4^i t£\ ^ j (d) 
,4j j -O,.. . .. . aJLtf-Lijl .^l ^>1 OjJb ajj^r a Apia Jj tOJ — >1 ^ ^ ~<l 

*ij' jl' ^ l> .20 j'-LiC. J»V' Ji* Ajj ' ji ^la^Jl »L41 j cS jjJ ^Ui — ! 

VttU . ,.ll ^ j . Z **.a ^1 A.. ..^Ilj A*«L<L* / — ,U . ^ U A>^-l 

.70° (a) 
.35° (b) 
.20° (c) 
.10° (d) 

j* #* 

L* . I 20.00 10.00 d ^jaJ ^Jg.^1 f-LpJ 4 jI ^y3 

7i = 3.14159 of j^3 j» 15 jt 4 ju jL yA-l ^uiuJU flpjJl 



l 



.1,571 (a) 
.6,283 (b) 
.628.3 (c) 
.1,257 (d) 



djlJjL* L*l*j jljjJ ;a yj C_i^j ._ i p! . /.T lil .6 



.2 (a) 
.4 (b) 
.8 (c) 
.16 (d) 




oUjpb jJD <U ?r\ j* : yu* oUl 




djiJJL* ^Uj A>Ja-w- O-Lw* itajJ tJbtJl alii* ^ f tjwaj ^JipLiiJ iil .7 

.2 (a) 

.4 (b) 

.8 (c) 

.16 (d) 

10 »iU>! JjJ^o J (J j*-j ft jf- j^S 6.000 IfribS" \£*p Sat* ja 3 i*p LjjJ aj'I Jpj liJ .8 



1 1 I ,I| ^ . ~* I|I w l l 



30 j j “ fcp 



20_> 



’r- 






3ali^ l)1 Jp I j3' iJLc- tSalll 
.ft j- 0.1000 (a) 
.fl> 1.000 (b) 

• ft> 10.00 (c) 

■ft > 100.0 (d) 

J,t Jaii\ Loj lit .jp 100 U Jai ijuai i £ j> £ Lf yp bjj ^ Lit ,j > jki .9 

?i J>-b (.^u (^jJl U&l JiUail 60^ bb t jp 200 

•j J> (a) 

JJ (b) 

. LlA <0*15^ oU jJjc« (d) 

^UJl tLiiJQ 0 b.( 5 d jlx^l 4 apLLjIj tjl^t 3 dJipli a] U®j^I Ju >*jJ .10 

# * * 

Jjij 01 Lu£u: .1 25 d y j J J 20 a^UjjIj tl 15 aJ pIS 

usslill 

.(jytLsAll ^ jL^* cJlL* (a) 

*^5"* ^1p ^ Aj ^ iaj (b) 

.0ULlk> Olddl ( C ) 

«bUt JTs U JT (d) 




<LuiVI 




J§L 

wBs^ 



^Js* kiJjjJj ^jA J>^\j dJUfc £>»lj £j*S3^ 4-4bJL* .Ja ^ aH lJ^ (_£ 

i^jL/* L jlia-'* .^|«i^3aJ' 4jL& (3 ^ ^IaSJ ^?r jJj <jt>«-^ 4 '^ ^ Ai ^ cobb-*^ ^ 

<S^\ 4-*^' ji bl .Ul y Ujlp U^Tjj <iLip c5jl>* ^Js* £**aJl — * 

.1$-lp j J\ ^a c-jli^Jl J jbJv^^|W^ *JU 

Jc" oULp, <xJi\ gljdlj toLojU jti\ £A J,bdl J* S^li v-bM dbJT 

.olj-ll ajl* JJLiii ^jl JLmJLiJI v-U- 1 4^1 (j jUiiw-*>U e^bJj oi ji\ 4jli jd\ j i'y a ^ aU 

.4-~*t>- O^/N AaIAa ^^Ip y (J**-*-*-' 








J*r*^ .jw jjp ^ L. ^Sl c-o^ y> (/og jU-Sfi j 

aj ta b* 

1 1 • i*"‘ :■'■ ' i} V .-"• . • V ••’ 

</=* fggg|ggjj^ 

: J^LiJl ^ o jL>Jl .a ij-L-SU 5-— Jl x ^ jLp_j 3 y* y d&££f$ft'j£K |f 

y = log^ IliiMi^fll 

jif-j ji«- j-lc- (? jj ii->- ej 10 ^ ys'S' 

| .2.71828^# 



AS 



OUb jJJ Ajw;-! y : ujUl 



JUdl jin 

j oUll oUijjLp jill . l*UJf cjUzjLtjJJb UaJ 10 oli oUijjIp ^ lil L? pjj 

* 

ji ^^Ll- j jjju /og j£-i ^ o^Uil 
log 10 = 1.000 

(2-5) j oUl-b-^l <j j; = log X (1”5) £ — s^jj 

. V* ^il 4JL4J- 1 ^ip ^Ua.1* .4 -aIjjIp yil i_J>ya; oL l |Jb-)t j ^ yiJ! ^xjll 

.41* IT JLaJiJ-l ^IJLP^I <Pj^ ^liil ^aj L:.J 



CaLajjjLp jUI 

#* 

jL*iu . i ^w// ^/ 4mjl^JszJI cu LoJu L*. *3. j 1 q. ^*>1— _ *m S/ ' o^L*jl~ — j^Lp’^JJi .. p<Jj 

:!Ai> */og e jt In y Jl c-^Ui! J «^U ^JaJl ^ jUjlil 
In 2. 71828 = log e 2.71828 ~ 1.00000 

(4-5) .JtJaiLl j j — In x ^ (3-5) ^-bjj 

^_^aj j t4^?rjii oLJLll ^!p jiial* Lp jJJl t-lvaj oLji-b-^l 

.51*15" 5_£JiJ-l yii^i.1 




•UaaJI Cjlul^Vl ^ <»UI ^jlt jlll Jjlsll (jjjjStfl k j -^.*l l :(1— 5) Jiill 




h&r \ ja : jSup cjLJ! 



y 




AjjuJafl 4JV^ 4-aUJf jIJI 

yi jU jl Jl aJ^Oj JC J ^uU fUll ^jlpjUl ^ Ji-jdl y * jf y>j — iaJ 

: 10 jc J ^ul) 

log jc = In jc/ln 10 ~ 0.434 In jc 

f\*l\ jIS 4JV^ ^jlPjIS 

p.jlp jiil ^Jo X J ^ jUjUl ^ * d\ Jpj^ 

\e jc J j>*z+JA 

In jc = log jc/log e ~ 2.303 log jc 



J-^U* fUJt jf yi jlpjDt . JL*- oLiu>- JbJ P JC jf 

oUijU-^i Jl L 5 jUo 

log xy = log x + log y 
In xy = lnx + In y 




OliHl j i J»l ' J jilt J^wJl 



(>-*) U-u fJJjtejl 

tij&\ Ji i (j~^" ) _)' •irsfry Ob*?*’" yj x — 1 

^iap-'s/i y jr oUijU_,j ^ 

log (x/y) = log x — log y 
In (x/y) = In jc - In y 



** c 

j? (*u)i ^ij\j>^\ jL&&-\ j>s. -<^* > ' ^ ^ y x J* j 

: US" j^p Sly *y>\ Jl ^j*y x J 
log ^ = y log x 
In ^ =y In x 




uajHaII fJJjlPjI 

SU-jJLj x J S-> jJJai fUll jl jUl •s -'*' y S Li * > ‘ X o\ 

X ^^"Uil) £*Jri aJ-**J U~Jt> ^pS^Uil jl A-U*J 

log (1/jc) = -log JC 
In (1/jc) = - In jc 



jM <4*J^ 

^U1| jS 1c .yUaJi c-Uii^L. ^-Lp ^1 _yj ^ — Ua>- — p jc d\ J?j — ’JcS 

:aJUI c-^Uil ^Jbxi*>-L| (1 /y l yU Lpji^ jc Usj' aJI jU) jc J 3 ; jJb*li cS-^Uil jl 

log (x /y ) = (log x)/y 
In (x I/y ) = (In x)/y 



10 j*J! s ja] ^uii jin 

r^^LJbl-l Lib (^ _jL-i j-U g;l iy! 10 J-ui) fUJl ^j\s- jtt\ 

log (10*) = x 

e •ifedl 1 j aJ jlll 

jJjJI uJJi UJb t^jl~o Jb- ixt- tjl i yi l & y y e jJjJU jill 

In (e*) = x 




OL-jpU jJJ aj&-\ jA : Jufi olJl 




«• * 



jUpty jju iJUl Ai^UJl O' Je jjd .U iji ojU *ij ^ i-U- y> <^~“^ 3-1 < 4 ' 

:a-aa£ y j tjtj <.a AoMiJl 

d = y 

a = 10 ^ a^I ^—0 OJ .jc a Ji iSd^-i y 01— * Jli-J ibj 

.a = e ~ 2 . 71828 j 



4 ^Uit 4 jmiV 1 

i^i>* . <L*L*Jf <*+*> $7 jzJl> Ljaj* 10 oli ^PwU 

10 ■ 3 000 = 0.001 

( 6 - 5 ) .A-Jail-! (j _y = 10 * ( 5 — 5 ) 

j+fSl&l .a]~a\S' 4> A« A^-l .il.XP-Sn 4 £• y*£: ^ */3) . 4*w<kJj jLp^JJl 0 ^ * O-'Lj \*X>-')j 1 4^*oJj 

.A. pr jit 4 ^aJLU £jUl ^5r... * 

y 




. u^ji cisi^yi (.us jjtiii ^jjjiiii :(s- 5 ) Ji£» 




olihll (JU . j jsll J tOUa.jlP jUt 



y 




.^ujU. jUI . -..^ Jjlill fUIl ^jStfl U W'J :(6-5) JiAB 



4 jt jjJafl 4_u*Vl ^jIjjJI 

:^Ai. . l^JJl 4~*<Jl£,ljJL Uf e oli v-ty <v> 



e -3.ooo a 2 . 7 i 828 -3 000 



0.04979 



(8-5) ^ y — e* (V^ l ^■J^' (7—5) y. 

...alflj . sl. 15” 4_iJbM jjI_LpS'1 APj^-£ jIU : j ^ „a i . <u*ijlf-^]jl -_ a oLjIJj-^I J A~~oiJ ^»«Al 

,3^r jil S*ijU-l .sl-U-Vl ^Js- £<Ul 



A^bLSj AjuJi\ £j) jill ljjXLa 

J1 x J y>M JLi < *r J ‘W** y* 1*aJ5.>- jc 

1/(10") =10“" 





oliblt ^JLpj jJlj cOU^jIp jJJl i^^UM J.^all 

^LjJall ^Vl ^AjU 

^ ^ ^ ^ 

jic J ^^iJw%JlJ ^-^Sn Lwll l)| * \+>? ^a l jjl+a^- l«s*A p jt ■ 3 

tX <J ^^JU-U ^njlajl ^**^/l *_illJJ (^jc*Jrl ^«^\jlL|) £^»i-l 4 -Lj«J «L- Jtj 

]/(<?*) = e' x 



«• t 



AmM\ £j)j 1 II uj>ia 

«> 

_y ^***^1 £?bil cj •* (J^^fcl^JJ t ^~* , ^/l £^bll ^ yj X Cj * — ^ 

ocJUi ^juit t y.ys' jt ■yjxjsJf ^S/i (vUi ^_jL-i 

( 10 x )( 10 v )= 10 (x+y) 

(e x )(e y ) = e (x + y > 



«• * 



AowVI Aowu 

lJ 1p x J_peuU ^S/l (V^' J J*«U- ^»S/' £*bJl -u**-y Cn^y- ji^xe- yj x — 1 

:<^w> Os^' a* ^ ^1 -yj x uv JyU yr"^ £)b)l <i! cSj'—i y J_p«^ ,^-Si' £<bll 

lOVlO^ 10 <x_y) 
eVe y = e (x " y) 

fj*A £jU 1 ^«yuVi 

J*Jl ^.Sll £,Ul Jl g^Lw' 10* jlJLiUi y i yi\ ,dL*y OLi-b- ob-i_* yj x 01 ^^-^1 

:xy yy= J-^U- 

( 1 07 = 1 0 <xv) 

i^** 1 ^' ^bll Jl i£ _jI—j g jI*Aa<«JU y iyi\ .e ^ I tf S ^ e Ul Jp L JJU-I J. U-; 

:*V <v^l J*»U- 

(e x y = e (xy) 

A jtuii l\ A-uJjl JjIjjJIj 4-*Uil AiwiVl u jJa 

X 4-JcJaJt 4**v^/l ^1 ^ll J 4^t*Jl 4-— *S/I ^lll ^ J-^b- Jl , \^JL*A^' I ^ ^ ^ Jf - I 

kS^ -10 e ^-L-L jc J ^uJJ tf-^i c^i J! ifM 
( 1 0 x )(e x ) = ( 1 0 e) x ~ ( 27 . 1 828 / 

£jljlilj 4^>L*Jl 4^ VI ^Ij^l V*. ♦ j^ a . l l jLw V ^AjA>- ^JLP X jl jVl LftJ 




CjL^U^U i«r-l y : jLfi <-AJi 




* 10 € 1 /x £jbJl Jl 1 lx Jj>whli <U**JaJi <U~^S/I 

(I0 ]lx )/(e' /x ) = ( \0e) [lx ~ (27. 1828) 1/jc 

^ijAW £jUJ! fUA £jU 3I ui 

£->hSl JLp x J ^i* 1J j»U)l £>bll J^l>- 01 .L1U>- taa — p x ! 

: J A jl U^j: c^t . 10 /e x J ^Sll ^bll Jl <j jl~o x J j>wuU 

107^ = (10/e)* ~ (3.6788)* 






Ta:l 



JL* 1/x fUll ^1 ^hll a— i jl .>*Jl (^jUi N ( _ ? Li>. aa_* X of jVI 

. 10/e 1/x ^bll Jl I/x (J^^*.*< w l l £bil 

(10 //x )/(e 1/x ) = (10/e) 1/x ~ (3.6788) l/x 

^1x21 yJt\ £jU2I (jl& ^uJail ^Vl £jU21 A.a^uS J^Ia 

fUll ^Sl' ^bll ^ X J ^Jai\ A{VsJl 5— i jl .LLi^ bj— * x 

rJ^Ai jl Lu^i>, ^1 .e/10 x ^**Sfl ^bll Jl i £ x 

e x /10 x = (e/10) x ~ (0.271828) x 



1/X ^n-JaJl ( ^* v ^' (Vbil a^— i J*»l»- j| .jivall c5_jL - j N _>* X j^ jSfl 



JLfiJ 



:e/10 l/x J glsll Jl jUo 1/x J f U» ^Sfl gldl ^ 

^4yd fixl\ £jUIt 

JLp x J ^lil ^Sfl £*liil jl ._y ^ 0 jl J*l A' £/ X* x 

: 10 x ^AA 1 !y J^uuiJ ^t*il ^*7l £*bJl Ji <S jAi _y J^>»iil 

10^ = (l(f) 1/y 

J ^>tlll jLp X (J jpxlli Js^Li- ^*4«lall ^bll A^jJb 4jUii.l 

.6^ 1/v k)l ^\ e lsJl Jl cs jUo y 

e x/y = (e x ) l/y 



4 /'ful l £jIjI2I 

v ^ a^ixis- ilxc-l J VjIjjJi JU- jJ*; .a^L-1 Lilt* gtjj a^ 

3 LftjL^i^-l <_£ ^ .^LjJI Jj?j c^Ljdf £-bl*j i&jfjJl J M ^ J C ^J^J — M 

. JlA J* cotj tsecj tcscj ttanj ccosj tsin Jl 







t Aj Jj-rS^ L- 3 AjL& <*--> jjaJb 4*3lj aIjU QjJia0 AjjJ^jj l_3 j>-I bl U j-wl cO*^ 

* * * j ** 

JjU jJw s» 0 a^?L>- tolilili ^1 p (j L> yaJ U?b a^^ASI l 3 ^>-\l /^sJj .zj ij ; j ccj <-w c*)b* 

1^*1p 2>\sju jf slilp .La 1-La ^LJU p jJL** *(<3 l£^* <— ^ y) (Pj (bo lafllj 

j L^IJb-VI^-l J UP *llj A ^Ip ilJUi .t$2 jj JLP tlc^i Jai) <b — <LS" ^-Lc J cL-. £ 

.oJ*^ lj^*j <-£ ^ii-ip *i *^5 AjS| iJbr ^La y«l L^JaiJ a^AjS*" Jaa>- jj .s.bj**)! 

Aa^LuiV) 

:aJUI ibUil dJ^lxill coLjIOp-^ 11 j 5 yb jLip^L JupL] 
x 2 +y 2 = l 

<(0 ,0) CoLTlJb-^fl IJL* UjS"" j-*j coJL>-l j SJb-j La ^ lai cJwai OS/ dJL>* y)t o yLb 5 yluJl o_La ^ — PJJ 
apLJI c_-> jLap a^Ma j IjJJ ^JLp ^5j L^-w«lj Ajjlj 9 .(9~5) <J$ y* y* l— 

5*X>-^Ji o yb ^i?Lij (^JiJl ^LjcJiJI J,li ajjIjJI oU-A 0^ ^iajJ . (x jj i y b*A — j 

JbjLj .p = (x 0 ,y Q ) u aUj 

JKo = sin 9 
x 0 = cos 0 

JV<Ao = tan 9 

y 




. a_li£la 1I Jb.wM Sjjb :(9~5) 




jA : jLfi wAJl 



AjjjU]! gjl j2Jt 

£->Uj t AjjljJl I*ic ^xJpU £>\5 'IajLv 43 yill £_>l yS\ rjA 4_jU?l 4JLl li> (JUl-il >r 

tcof Pj isec Qj icsc 6 JJ jw^'j v^V^Uil J U jUii^l (j .^jljjf ftf Jl? 

: J,Ul 43 yt* Uj 

esc 6 = l/(sin 0) = l/j/ 0 
sec 0 = l/(cos 6) = 1/jc 0 
cot 0 = l/(tan 0) = xJy Q 

fullA ^Jj-44 

J> d .UJli 4J jlj ^ PgP <J jljll jj^J ^ AP0P j^UJi Uidl jL-J^Vb -ULJ 

US" cUJSj c/tP U-jU~l! 4j»JaiJl J ji? fj i.QP UJUUl An\aal\ J y& ej lRQ UJU~ — Ll 4 — *ja all 

0^*- 4.^al*Ul 4 jj1j]I P .(10-5) 

US" Jl ^y^i\ JSo JLp axUI AJdill 

sin 6 - e/f 
cos 0 = d/f 
tan 6 = e/d 
esc 0 -f/e 
sec 6 =f/d 
cot 6 = d/e 



P 




.<£LJ ^1 filiB urui :(10-5) Jlifl 







Identities AjjIIaJI 

<Pj 6 Jb £~ki * -k j-kJ .aj^UJI ^1 jdJ f+iLdf identities — Sill bwa — J 

LjT <oJJi ^i lil ^Ull JU^i 

( olpl ^Jb) 0 < 0 < 2n 
(ob^jOJb) 0 < 0 < 360 
(ob:>i Jb) 0 < <£ < 27c 
(cob* joJb) 0 S. <£ < 360 

j* U-^® £* kjj Ji ^WaJl JUrl a*S'^' bljo" Jio^ c£ j — £ 

t^Jb-Jl ol^UJb ^>-1 J| (jy>- Ji .{360 ) Ob-Mj 2jc cubipLsia-* ^ J? jl Ail b?i <J^ >■ 

bJta (OJDi Jj J^ o t3pL-J' ^jLap dt£l Lf-lJ *^Ju apL-J' <_j jLop ot^b a — ^L iil 

*-ii .360' JA UU J»f j&, Jity > 0 IfuJ 0j£ i-A v~y ^ W>'j J! 

t*>^) i»> y 3j _jtj oIjLp jU>-Vi ,_/Mi (3 OjsJlijjiil .360 |j-* jj — S”S/I 1 Ijljj — H ^ — Lp 

4 

Ji b'oJ^l fi^lp J </3 ^S/ 1 ^j^Jo c ^A aa» j^xa iZ . j Jo^ d-^P ^^jP o' ^-*"*^*3' o'jO^' ^jP 0^->O>« JI . 

O^/bb-l dJlA b$ k O^A j cA-JbJ' b'jjJ' ^yaJl o*k £tJl*j . ^*wLa5' <JUt' £-itj 

.^uii Jb^l b Ajj'jJ Jiiill £$bdJ Aiil^il a-*-aJI JuJl>o dJl] ^ba—Jl jA 



^LajJI <— U3*J Llj\ll jil LJjjPl!uS AjjIsu 

sfi 

aJUI A^>*^a Si ^aJJ Jliib^ . 1 L<ub Aj - 1' 4^...* v bl O t*J j 4 ^., 

‘ LS^ 

sin 2 0 + cos 2 0 = 1 

:Jjij o' bSU ^.(Ajjljli qja ^pr Ji ^S) s^ - Ji •y/w 2 0 jsAi 

sin 2 0 = (sin 0) 2 

o'jLaI' Jbj 4^b*Jl cAjjljJ' Jkj c^UJl g\j* 45k (j^azj 

• f-b jjiJl Jo JvA^j' '-b ^jA l> J La'^- ji' ij j>-')1\ Ajibbii 



JlaJlj q \ jj ! JjjjC'll^ A-jjJai 

aJUJ' .- 1 o' 1 boJ'^ Lfj^i ^iO 1 Jk'o (^bJl £J Jj oUj j- 4 J yiil 

:(270°) o' ^ = 3 tc/ 2 ob:>' jj <.(90°) y 0 - n/2 ob^' j <^biiw-b U 00)' 
sec 2 6 - tan 2 0=1 
tan 2 6- sec 2 0 = -1 




CjL^U jU ja ; Jup cjUi 






^5^1*-* Jj e£jl~o ( w.;|aM dUrt^J ^^Uil dl^^lj 4 ~-»\ jl * Aj jij) Aj j J II ^ ?!■ <1)1 

! JLp AJllil 4 a*^sJI JlliLj iAjjljj! <- ~P ? ((^#c*Jrl) A-JUjJ ( j*S' t*il) 



sin - 8 = -sin 0 



M-» VjI j» fU v« 

: J- P *4^ Ai^aJl JUljJ .Aj jljJl fU <_^»r Jl ^1 

COS -0 - cos 0 



AJtuJI <*j\jl\ Jk 

Jk (((^“^“') cr^^') cr^*- 4 Ji *o'j^ cr^^* J — ^ ^1 

:(270°) jf 0 = 3 tc/2 OLoJj t(90°) /\0 = nil Wj U jjJI JT aJUI £**Jl j^j- 

tan - 0 = -tan 0 



4j]Lutfi AjjSJH ^Iaj ^Jbli 

((^*^Jrl £«Jrl aJLjJ a*~JL ^S'lxil) ^S' U-> J] c^jL^j ajjIjJI fti ^Js>U <l)i 

jl 0 = 71 jbiijj t(0 ) jl 0 — 0 l)1j^j WjjJl a^aJI jJflj -4 jjJJ' ^ ^li 

:(1 80 ) 

esc — 6 — — esc 0 

AJluJI j» fcM 

*1^-1 U jjJl ^ ^ aJUI A^l jfja? .Aj jljil Ji gj jLo Aj jljj! ^Jsli jl 

:(1 80 ) jt 0 = 3 tc/ 2 alpljj c(90 °) j 6 = n/ 2 d^\j 

sec - 0 = sec 0 

Uuil ^ Jfl r US Jla 

u~^^) cr^^') u~^^. Ji i J^ ^i 

6 — n jLo'jj (180 ) jt 6 = 0 OLilj tLiiw-lj UjjJl £**■ ^Jp AJUt A*-*aJl jjaf .ajjJSI ftf JiiJ 

:(180°) jt 



cot - 6 ~ -cot 6 




OUklf ^Jlpj jIp jU\ .tf a!i 



AjjI jl) uua 



*_-»• c) ^.jj*** *o'jJ' i T-^ ,r Ji ^ 



* jl 

:i-US | l 



sin 26 = 2 sin 0 cos 0 



Vj'j 1 ' f^3 

IJxdbJl y* <j\ Ajjlj (j\ f li u-PT :>l£i j£r 

cos 20 = 1- (2 sin 2 6) 
cos 26 = (2 cos 2 6) -1 




0 < 6 < 7t otpl j OjSsJ UJ-IP aJIi)1 y* (S^ AjjI j c£l c-.-pr u — 

:(0 <6 <180°) 

sin (0/2) = [(l -cos<9)/2] 1/2 

lAk^] (180 < 6 < 360°) olpl j n<6 <2n o Uj^pj 
sin (6/2) = - [(1 - (cos 6)12] H 



AjjI jll uiuaj fLu uua, 

0 < 6 < 7t/2 jlj-ilj 0 Uaip iJh}l A^vaJl ^ Jj jl j ijwai >_->■ iL£[ c^- 

:(270 < 6 < 360°) 3n/2<6< 2n jb^ j ^ U.up jt (0 < 6 < 90°) 

cos (6/2) = [(1 + cos 6)/2]^ 

(90 < 6 < 270 ) ji 7 c/2 < 0 < 3tc/ 2 olpl j OjSj Ujjp-j 
cos (6/2) = - [(1 + cos ff)/lf 



jll £>aa^]i ua 



:aJLJ( iiwxli <pj 6 oAjij £_ y>£ jUi} y*„ 



sin (6 + <t>) = (sin 6) (cos <#>) + (cos 6) (sin <P) 



£jaaa]) ^Uj 

6 oo_jlj * ^li :>L£l j5vc. 



* •» * 




jJJ A**r\ jA : yufi ^LJl 



cos(# + <P) = (cos 9) (cos <P) - (sin 9) (sin <p) 



UPiJj 3 J* w 



:aJLJ 1 r Lb^-L <pj d c«j'j J> iUiJ ^ 

sin(0 -<#>) = (sin 0) (cos <P) - (cos 9) (sin <£) 

U^'J ^Uj i_ua 

:aJUI <pj 9 joj'j Jy f Lc *\£[ 

cos (0 -<P)~ (cos 0) (cos <£) + (sin 0) (sin <£) 




a1l»\ aJU? { Jj> c-orl 131 oJL>r A**yJl j JLP J-^iJl lju& J J,l J P 

tfi 

, v b£jl SjU <J5 y^ y* ul L»JLp & 

AP^*j£- fbJl ^JjjLp jJL3i £jlx)l . 1 

51* IS" aJLJLU jIjlp^ 1 ' (a) 
aL»IS" 5L*r jil ii-iJ-l ^Ijlp^I (b) 
aL»15" aJLJI jjp ajLaJ-I (c) 

ywaJl ^Ui^lj 4i-lS" ^UJbU ^IJLP^l (d) 

<* 0 y j£y> <S\) j^ 4 ' 503 a*1— • ^ i ~* y 2.00 y^ c£jl^l ^4 — i *2 

jS" ^ a^UL* ajLJJ jl Jp yil j^diD ^IxiJl ^JaiJi L> .(o ylb a — jjlj 

.^pLmaJl 

ly» 8.78 (a) 
jl^t 17.6 (b) 
j^i 10.6 (c) 

(y* 2.79 (d) 

Lfcbi L*5"^ wt^j^ply 4 j ^ iaj JuJi>t-iI A***»Li-l sJNl ?sin 45 l — * .3 

. Ja - j ..**. ! ! jj-^rlj (£jl^l J5 

y/2 

2 (a) 

_-/4 . 

2 (b) 







OliHl pit- j mI jsJt j jJJl i^U-l J_aaJt 






1 (c) 

.ol* _jJUil aJu ^ <>.<]! ai» JujJ- J>S. *y (d) 

t^jL - j ^lijt **jjl tji s* ’l^rt Uj** t-5.670 ' ' .4 



1.735 (a) 
-1.735 (b) 



0.7536 (c) 

• **j*s ■ Jjp V (d) 

SjL-Jl J«L iiUI ci ¥(1 0 <4 553) / 1 0 <3 ' 553> ) w-iil jvU yy-ja 1 — * .5 

c 

.U£ 



10 (a) 

1 (b> 

4.553 (c) 

3.553 (d) 

J y& <1)1 til* iiL* <-. -Ug j e* = —5 SijUll c-jat-l dJit ^ jiaJ .6 

<r Jr >* • 2ap (2) 

lj 0 o* £* (b) 

aJLJl Jt/ JOP (c) 

lzj>- bo* ^ (d) 

,U> til v-U-l aJVI f-bu-l ?i*l> flijt l£* In e W ^ l* .7 

0.434 (a) 
2.718 (b) 
1.000 (c) 

• 0\> ^i*ll -Ajjil 43 j** 0j3 t4t**<>" ^ (d) 

c*l — ^Jjtjit s-r’ 5 ' b .0.950 c£_jL«j 3jJu« i^jtj flf <——>- <-)' c/ 5 -8 

«* 

Jt i^jLaP oUrt 1 |j ■ - Li <pU*J 1 aUL 4**UL* t ^ Aj^ljJt ^l_c 

0.950 (a) 
-0.950 (b) 
0.050 (c) 
-0.050 (d) 




OU>U i«r' j* : jtue 




ik&s jS'l ji t 4. ; ...» J ll Uvli*) if'bi 24 (j4» Jj ^ — I -9 

\>* 1 j" «-v=-t j 

1/60 (a) 

15 (b) 
1/3,600 (c) 
0.25 (d) 

■ (4jjlj 4sr ji 1/3,600 <^l) 4-<l> *ij}o ^jLf- ^julaAi - 10 

ui< J-4*^ 1 y> Li t ja 4.00 x 10 7 *1 h>- ij Je> jV' da-s 1 (>s )apl li| 

>* 1.11 x 10 4 (a) 
t 463 (b) 
jb.! 30.9 (c) 

.ob ^1*1' «4 a ^ 4jL«p- (d) 





ij j*-\ 5 j» jCJi J.UlU _j c4j jS'JLs JbJL j J jfyl 5 >1^X8? ■>: .,» 

OlJb- ^ AJLP ^ ^ i£ jjl j ^La>- C-jUH. ^4$ - . I 

.csjjry (a)'|r? 
(b) v 

. JbJl ^cJi* (C) 

•I^ 11 j^i > (d) 

# J'. ijkfS |J|f> 

JfoOO <a§§| 

. 10,000 (b) 

. 1 00,00Ci^^| 

J *$$&’(*> * 1 

- ■ ’ . • t *' ’ ._’ • ’■• .f4‘t\’’nf '• ‘.; -' ‘ i . 

It/*## 1 * < e ) f£ 

JCqj 1 CuVV" -‘ 1 cl' ’’ll 'T «J&> Q2?« «"%.,’ • ~_i* «‘ _. 

#* _ * p$djS$03: '? ?■« ." 

.aj^Ij] cLU^- j^tsM 4>-t (S) 

4iiaj> j A^Lii SJLajU oLfLiJl (Qj 



OL-^U Ji : jtup oUt 




Jj JjJ (J 



.LljjJLJ liij AjaJ- (d) 

* 

,(£j lj 1 Liij <oJl£ Js>LoJl ( e ) 

■ ... c7.899 c 7. 8997 i7.89979 1 7. 899797 :^ju» iUuJl jL»VW jUJ .4 
Jb> x* 2JI a -' L!l . -s-uJl LJ I^ J SL-JLJl (j iAP JS' 

. t i. ^ jiJl 

.iUAS'l v 

■ y y~>. Jd\ (e) 

•l^^ 1 Cf-}^ 

ajI^J tS jd **ij? ("x aj!>U" I yu) 3 X «jL»Jl .5 

* 

.x o jA U U J3j* 3 
.x 3 3 

.x 3 (c) 

.3 ^Jl*U X j-Uri 

.^Li j^p ojLp til ^ (e) 

ap*>L>! J! ^L>^f Liij j (a) 

. L*jli l g *i^3 w > i^£j\jZa jl)a3l t Q «/2l7 

* , , - * 

{£ y*»Jt (3 L^jii ^_dJ J^ldj £ij! 

cJdl jjJ3 j yjjll j> U jU t90° JukJU UpIjJI U jjJI ^Jb-l ^-U JIT 131 

.90 

,4s>x* S^Lpi ffijl JjJl OjIjL**)! 

jl (j-** t^UaiU 4jb jJ&\ L yOj[^ai~\ cJwaJ 4*-** jl aJjW 3 C ^LU ^ j^~l C-jIj 131 .7 

Jw 

.2.71828 w >" <^U ^ JJI g-Sn gfcll 

.1* ^Ja3 cJi^aj ^1 a jjlJlil ^laJ 4~*J 

.-1 iJjJJ ^>Jl j-U-i (c) 

.jr^~l g- lva a l ' 3 4P ■j-**' (d) 

.^uil L^dl 3 90° 44 jljJl (e> 




yufi oUt 



y u-^-J 



. **A *!«».* (Jj ^k ) 0 j}\]& 1 A Ol J’ *‘^'*^ 

jLM *1^ l*~Ji iiiaJJl J . jity J > ijSUaJl ^ ^Jl x i jljJl 

•• 

^i^w) aJUI cjIjLkJI (^1 >( jiVI c-^ 




•*<y (a) 
.x-y (b) 



.x > y (c) 

.(jl J*^r\ J jW j _y^ X AaI*j (d) 

.SyllaJI ap ^ ^Js- yj x JX -Ui*J (e) 

£ a jiai C~*i j tjlA jlS* 1.4 X 10 6 c£jl~o jl C^kc-1 dJLif Jpj — 1 fiJ .9 

« e< o 

^1 Ij JiiA t dJu& ^jlp ^Al)! .Xx J l jJb L* .0.50 Aj *X? p^i $. L »^*Jl 

.ji.^LS' 1.6 xlO 8 (a) 

6.2 x 10 8 (b) 
■r*X^ 1.6 x 10 7 (c) 
.j^y \S 6.2 x 10 7 (d) 
.j^JS 6.2 x 10 6 (e) 

iJuaJ jL>Vl; V « j^ll d)l) 1 GO Lj^stvs- 5 £ ^jai y I . . 1 0 

(V= 4n rV3 ij^% R u>i 

.y» 2.88 (a) 

■x* 4.19 x 10 6 (b) 

i# 

.' >> 5.76 (c) 

./* 8.28 x 10 6 (d) 

. j^aaSS 4-jlS^ c^L* jiic* Jb>r jj V (e) 

?2.000 X 10 5 _) 2.0000000 x 10 5 ux tkjt& ijyi»» y L- .11 

.AaU .lijl 4xjj\ li (J y alijl iJL£ U> i^jI jLoJl (a) 

•V 1 ' 1 S £jJ (b) 
.10,000 ^ ty>r (C) 

.4*l£ A-J J& L-X *- ij jJJ^J (d) 

•uyjW*^ On ^ J d ^ji y (e) 




CjL^U jJL) ja : yup uLll 




\1a jilaJ y> L- (1 - 0) - JSLiJl Ji ap .12 

.1^0 1 j 0 ov. jUpS(I J 4 ^ (a) 

.1 jl ^*£>1 0 j>$^1 aJLjaJ- 1 jUpty J^ir (b) 

.1 j-» o c^j^» J vijLbi ^UpS/i J- 4 ^" (c) 

. lj 0 Ujwb 1 j 0 <jy .ilApSll J«IS^ (d) 

.SJUIS^ SjLaJ-I jlJLP^i (e) 

£*bJi UL* yii~J y> U .(1-0) jbi^> “ jSLiJl Ji <S y^ o y jlp .13 
. 1 j 0 l$W> 1 j 0 Ox jUpSH J^IS" (a) 

. 1 e£ jL-J jt yw?f 0 /j 4 vi-iJ’-t olapS/i J 4 ^ (b) 

.1 j- 4 j^ 3 ' 0 <sj^> ji ^iJbU jIapS/i J- 4 ^" (c) 

. 1j 0 Oi^-^ Ojwb lj 0 ox jUpSii J-bf (d) 

.si* IS" 4-JLibM iljip^i (e) 

0^13 <J^>- 4P aII 5jLw«J.! JU Jlllb ^ J? JlP 4 JuIj AS ' jwj O^b (1)1 t^J^j ~ * ^ • 14 

Ji !.«.*■ J 0^«-L^ 

«# 

br* (a) 

. ^*/3 A <ll ^Jp *b+^».*A* 4P^fc*Jl (b) 

y 



1.5 - 


- 


1 1 I I 1 1 




1 1 1 1 1 1 

3 -2 -1 


r r 1 1 1 1 

-12 3 


-0.5 - 


— 


- 1.0 - 


- 


-1.5 - 





.^>iiua L-lill jIjoa.1 O* 13 j 12 ^j^axJajj JHa :(1“0) jl/i^l — JS-u*U 





yup oUl 



JU U ^-jii (C) 
. (/ *iiil AP^-Jl (d) 

o'^J i *J- J] ua (e) 

caj ^J ai 4 jL^*j ajj!j ^Ip bt^ipl -UliJi J-iC aJ ^ ^JJl ^JLj ^Uaj ^ — pUj .15 

Ajy‘ljJl jbl J\ Jpj* oUUJ ajUo. JSLio 

* J jl^J*bl (a) 

.A^jlp^Ul eJwaJ oLjlJb-'yi (b) 

. 4 .J 1 jjs .^ \ 1 objl*x>**yi (c) 
.AjyljJl olAx>-^! (d) 
.A-JaiJl oL?lJb-^l (e) 

^il^j !6 djL*jl .16 
.6 :>-uU f UJl ^ jlpjiK (a) 

.6 3 ^*iJ ^jlpjdl (b) 

. 1/6 (c) 

.21 (d) 
.720 (e) 

: Jb!l ^^Ip aj 0 >-l j J y^S. a^Ip Sbl*^* cb:>L^ dJjt Jp ^osJ . 1 7 

(x - g) (x - r) (x - s) (x — /) = 0 

AbU* lit ^^ip AbUil dbb cJljwsu j£jt 



• (a) 

-****& (b) 

.i^Lj (c) 

(d) 

(e) 

jZLjiS . I J jJLJ-1 ^<Aa3I L. A £■ Jjjj 1 4 j I j 7fl*. 1 .18 

?od;>ull 
■ -U-jJ N (a) 

■-^b (b) 

(c) 




jil 4*9?) jA \jlp 



aJMj (d) 
.J^U ajuJ (e) 

jA di JjU jaa frtJ j\sJ\ 1.5 APliJji ja IjU** jf JPj — liJ .19 

jl^r^ < — aJUi ja {jS ^ ^ a -* 1 lS y- *** i y& 3.2 yy j 4— Jx&i 

?f ^ j JS^J ^ J ^ 9 ^ J" 

4.7 (a) 

,j\ia\ 4.8 (b) 

.jh*l 3.6 (c) 
.jfcJ 1.7 (d) 

. Jl J~J) IJla /^p AjLOLS aJLT jt^ bjh ®Ua*il oU (e) 

Laij ^jot j* tiij C^LjLJI>-^I \X*a J,| 4 )a Ili) jJL >J 44-Jl 0-LjlJl>*tA3 ^Ljaj (J .20 

.^Uj J^/I j 4 ^iaiJl cJwaj j 4 Ajj1j) 1 (a) 
.jUaif L->UaJi aj^j (b) 
.Ujj ^ (C) 



. (d) 

.AjjU^JI J jW Lijj (e) 

?(x + 2)(x-5) abu-jj ^uai ^u.21 

.2x -3 = 0 (a) 

.jc 2 -10 = 0 (b) 

.jc 2 - 3x - 10 = 0 (c) 

.x 2 + lx + 10 = 0 (d) 

. 4-JCJ jJ aJ<5\jc* C *».J Si U »X>rj3 *)} (g) 

*» 

yljJi ^Pja}\ ^laaii 0-L~» dJllT 131 .<_£ yta ^is» ^jaiC. aJ L^^a j( ^XaJ .22 

? u +J>LjJ Jc . W y> U 40I 10 A~Jj J oi JUZ-A 10 (Ail Ajli) 

.£» jA oi juz-m 10 (a) 

•gjA 100 (b) 

ol yuz~* 62.8 (c) 
.^j&a o) 100 (d) 
oU^iail ja -kyji ( e ) 




jLfi cjUt jL 



?sin q .z 0 = 3 ft -f sin q :*bjJ j *bUll ox* cj j dJjf j? jj\ .23 

.q *^£}\ (a) 

.q ^Ull (b) 

■q v**- (c) 

.q ^V' (d) 

.4^1 j jj bf ijU Vj (e) 
ii> -5.44E + 04 SjUil JSLii .24 

-5.4404 (a) 



544,004 (b) 
-5.44 x 10" (c) 
-54,400 (d) 

JSC-i J* oa>-j lil J^JjA- 4 j^Ia < -^- c ' .25 

.x j ^ oLi>t-dl Js»L5J (a) 

. y j j£\ oLi>«jdl ^Uj J^IaJ (b) 

£A oLi>«-dl ^^LjLaj J^IaJ (c) 

.(0 ,0) Js?Ia 3 (d) 

. J^1>JJ oLi>ull ^Xoj V ^ ( e ) 

OL^i-b iAi\ f lijSfl Jb* ? 1.03 x 10 6 j 5.8995 x 10~ 8 v > J^U- ^ U .26 

6.0764845 x 10 2 (a) 
6.076485 x 10“ 2 (b) 
6.07648 x 10‘ 2 (c) 
6.076 x 10‘ 2 (d) 
6.08 x 10 -2 (e) 

:2LJ^js» V jfc J MbJi SjUJf cJj dJb( .27 
sectf 1 x = In [x 1 4- (x~ 2 - 1) 1/2 ] 

?JL~Jl \ In djLjtll lib* 

1 iOjJb U :UP (a) 

(*UJ) ^jIp jJLii (b) 
^jlp yJl (c) 




jii h&r\ ja : jLp 



^b) ^b)l (d) 

jkM (e) 

« Mg^t 1^ 5 ** t*£ y* ■ ■ i i (3 tb_J a 5 y Ja Aa 1 .28 

a = (3, 5) 
b = (-3, -5) 

(_£ . . U ^ y*£ y^ !■* 

.a + b = -34 (a) 

.a + b = (0, 0) (b) 

.a + b = (6, 10) (c) 

. a + b = (-9, -25) (d) 

. tk jAA jJr l 3 J-A P OV jk 0} (^) 

?_L>- j i _^J_LA {_£ y~.~./> JbJjnJ kUDl ^ ^ .29 

. 5Ju»-t j ikii (a) 
,0l4ai (b) 
.kli; (c) 

.klii ^j! (d) 
.kU> <_,«>- (e) 

? l y»d.l Jit liU .(2-0) jL^I - J^iJl Ji ap .30 

•^.j 1 ^ 1 v** ^ (a) 
r u v-*- cj u (b) 

.ijtj y Ski** (c) 

. ^_k>- <!jLh» (d) 

( e ) 

y> Jliil !Ju» j oUt-b-'yi flk .(2-0) jLi^l - j5LiJl Jl ajC op .31 

•g^ (a) 
•tfj/ (b) 

k-k (c) 

(d) 

( e ) 




jSLp C->Ul jLsH 





JJ o b oo j c 3 c^jL-j dL L 5 lp fc >U a < 3*0 . L»aJ 01 Jpj — id .32 

:ddl ^Ua-Li a x b JUdl ^ ^ A <j jL-J dL, ^ ^yJ! jiSli 

.12 jl-L2-4 

.12 djJaj <3*0 (b) 

.5 djJaj 4**^ ^U-0 (q) 

.5 l$idl <L jlaj Ji^SU <>^J (d) 

. Jl j^-Ji ( v r P 4 jL3*-!>U oU ^1*11 ^jA JUjl (e) 

.oU yj Ajujl (2 273 c$t) 2 / 3 syli 2 jjiiJI » v—bt! .33 

.1.587 (a) 
.2.828 (b) 
.4.000 (c) 
.8.000 (d) 

.d^-j c$L IzAjjJ- Jji )Jj 4i ju» jS' 2 m S jUxJl (e) 




ljjU : jiufi *->1^' 






34, 000 j 34 jUi^l .34 
.10 (a) 

.!_-?! J> (b) 

.I—Jly* (c) 

• ‘-T-'V i^-H (d) 

. jJjll ^ (e) 

>yud\ u x£ .35 
.oU-jjJb (a) 

• Obit ^Jb (b) 

,X±L>- olJ>ji (C) 

(d) 

.ojLpLJU (e) 

£)b)l jk !_• L* .0 < x < 2 <ulia> jyJ'aj y = 2 jc £*bJl jb^blb Jls-LJ .36 

0 < y < 1/2 (a) 

0 < y < 1 (b) 

0 < y < 2 (c) 

0 < y < 4 (d) 

IJl» jc- i>U-5U ILilS" »Ua*il ob*_^l*il (e) 
JSLiJl J^. 12 s-uU ^bbl jjJrl bbT JJ, .37 

(a) 



12 1/5 



.12/5 (b) 
.12 5 (c) 

•5 12 (d) 
.5 1/12 (e) 



oLJlJj-'yi ,J j -Le- itaUll »Jl* jXx- ^JtS .x 2 + y 2 — 1 0 itabill c-Jael 




. (a) 

(b) 

.JjJjf ^b ( *JaiS' (C) 




jtup jLuM 



.Jblj 




(d) 
.'•yUT (€) 

#.«u — > -kp L J& ^JL» ~Lp*l) ^ylJ aJLp 1 0,000 is ^*0 •& t 01 J&j — ^aJ .39 

-Lg^rl ^^0 .cJji 1 15.85 6j\Xaa ii J^-^ > j J J *" • & * vl- — rIj A* — L*j 

a~~^\ .cJy 112.20 5^ja3l ( Js> iJb-l j L-Li <_£ Ijup^ 01 .ia**D ^f*Yl 

Lj ji J ^ ^L-J iw-Uil 4-«-jaJl <— ■ £\ ^tl! 

.AJllb -0.03 (a) 
.ajLILj +0.03 (b) 
.AJlib +3 (c) 



.ttlb -3 (d) 

. ijjfc jj oJiiil oULJt *L».».Jl dJijfc Ju-l*^ (e) 

..JjJali Ajj L*j> ap*>L>I — 4 <J £^'>W=’Y' * J* 3 c/ 9 *40 

^jL-o li> Oti Jlillij 



.g^UJjY'b flJLp-UJl J j& j 0> (a) 

. gO J> (b) 

.AXJjS/^ AP^L,oI 

. AajjS^ AP^v* 1 Jl^kl ^d) 



.oL* ^JUil Ju jil <i yt* 0 Ja-^l Ju.l+ ^>*i*-*j (e) 

S* * . 

t3_J* 2,2 l.U£ ^rflaj Ajli OJ^!-_j_j lUlf ^ rh .~. < yi~ M L$ Ji^J £ ji -*-®^-~ > ^ j — -41 

?^jy*LA .AjlJl ^j£- yS' L 4^4 ■ 0.Xpl5 ^ ..,i 



.jZ* 0.5 (a) 
.jl*y 1.0 (b) 



■r'}^ 1.5 (c) 

2.2 (d) 

. j*Jl JjJj>wJ oU jLill ju^l (e) 

iS jU- 1.32 x 10‘ 7 Jjodl, 3.88 x 10 7 <>»l»- 01 .42 

.5.12 (a) 
.5.12 x 10 14 (b) 
.5.12 x lO' 14 (c) 
.5.12 x 10 49 <d) 




OU^UjJL! yk : Jup <— >Lll 



.5.12 x 10^ 9 (e) 

^LC *>r jl 43 j*-*J (jjU-U Ull yUT. ^LC — >r 4^*jjj yA 4-JLw-Jl ^LC t -■ ■»- .43 

?ol;L«> (^1 Ojs 300 4jjIjJ\ s-r^" ij* J b-^L t0.5 c£jl~o 60 

oU^Uil ja Jujl ^\sA N (a) 

.0.5 cs jUo 300° h j \ jJl r tf ^ (b) 
.-0.5 300 fli (c) 

.-0.5 jf 0.5 c£ jU* 01 j$U. 300° 4 j jIjM f U ^ (d) 

.yL^Jl c£jt~o 300 b_~~»r (e) 

ol-JlJb^l J (^Jl yJi jy± iSj\ yl> (% JttJil) y.UJ! (t JgjLl J** 01 .44 

js* (a) 

.0 (b) 

.1 ifj Lw (c) 

•14'^ 4M j i l < W w2 l Jt~ ^ hUipl c jy^ (d) 

(e) 

aJLli oljUli <^t .45 

* 

Jl Joi Uij JL»-j j£i> dLiill JbJui (a) 



, <] A^ 3 (J_4^ 1£>J C-iii.1 -b-X£ (b) 

»U } j ^.LiJ Laij JL»-j jCt* (iJLill JujJ- j£s. (c) 

OUsty 4j_jL«i» olilill (d) 

, ^ jLu*** Si - ' ji V t)| 

'Jli. -4x 2 + 17 x = 7 IbUll >aJ .46 

(a) 

.aJz* (b) 

■*s"s*. > (c) 

*U (d) 



• Jjj Lf 5 jLp 'ilj (e) 

( ^Lji iJit j iSs- L^Jj>-f £_ y>£ OJ .47 

• ^ j a* (a) 

•iSjji > ^ (b) 




O t 




jLfi oUl 



• lSjjJ ^ (C) 

^ (d) 

.t^Jidp (e) 

J\ bUlpl Aj jU^Jl jl ycM J jJaJl Aj jljJ Aj jl jJl tdUiJi ^ Ip j .48 

If 

a-^-mJLj a%*La * ^ 

.(JljiA-l JjW (a) 

Ajjlj (b) 

.pJt£j| i y.^\ \ (C) 

. a^ jiJl 3iLj,l (d) 

. J ^Ull JaP- 0 yb (e) 

T Jj ^jai; .oT jl £ki ^ ^Uai J* <£ j£ <S^ c£ y~^ jLiP^b ^ -49 

Aia^l oJbwbC iJLfc ^jL^xaJi Jbjii^i.1 jl 

.AJLsdl jIjlpVi (a) 

. aJ^jp AbU> (b) 

.Ocjy AbU-* (c) 

. Aj^xSCj Abbe* (d) 
.<w>t>- Abbe* * ( e ) 

J5" jP c£ cV y« 25 jIAaC. J-* jb"' b*U^4 i Ju *- y jj^AP cjapl dJj' Jp j&S .50 

CA*l* ^lijl A*)ji {£5 ^O-XxJl bfc c«< bl .A/»La 4*Jjb b*-^JL* 

.yJ^\ 3JbJl J*+! (a) 

.J^5" JSLiu *>b" AjbS" s^£ (b) 

. o*-Xpb^w* Jp Jj^bl d»blp (c) 

. aJ 25 j'-lSx. jj5"S/i y j£'\ (d) 

.A^t-lJl ^S'lj e* .b^-l {C ^ j& <—~£ (fi) 




J jVI 







LJ 




Jj ^I jpty ^1 UJl tojLi!>ll JjL f.LJL*Jl ^Jb^Xw^ 1^ 

jl J^LiJ ^j, »£*• jl otJl5" ‘{J^ y^ ap <J$ .ciliJL^ <J$ 5 ^Axil jy&j clj^ - <j^«in^ 

<JI^lp^a^rl 0 *L& A^®^- ^ jll^l A-*.^* 1 Ai ^ . aAm*, .„ ■ „ * 



. * * 14 < mmm-~w^- 

^* « ;^ ^ |%-^i ^ ( 7 t) pi _} ‘(2 ) j<*X^rl j j) v^ > ^-^>r c_ ll JljJ V . ijJjfcfr w.w P’ 

i^lopf joj V ^iij t(e) 

.^jL^Jl Siaij jl iJ^ll ^j£> taJL£ IJLxj JjuJ ^ 1 p J^tib Lil ^Ip ^IJpS/Lj ^LJl j^J^ju 

^xij JL» . aJIj e cOJbi- ap^ j 0 ^lij ^jaJ JL$ . jia 7 t jl coJL>- j 2 5 0 j--jSj 

{*> ^ ^jIj dAJuS^ cajI > j £ i 






J 




;Pfiif|||fP' ■ 

^U±Jf J^Jlj j*iJi ^.jan* J >,ra flJ .^1 UJI <j A-jL) jjiJl olJL>- ^ii AP ^Jai j( J15 kJ*I Jbrjj£ 

— ,:+.*Zi+* > fUsJ .(JjjJf fUizJf jf cJ jZiil fUaJb U<aji ^^P-b ^AJlj (inks) 

4 (J^ ‘(fps) iJV-cf jj&j Jl? J-{J6 {U& f Jc *^~4 uii tjit j£-l> bU (<^||^^||||^ 

L^/ jl j 0 Jp ^ijaj L^J .A^ljtil xjLi A-i^Jj ^LaJLtjl l«3 ( •‘J&'S/f mIJ*: il^ 



, ybjuL^Ju 



IjLSk 4^1 jj&j 

^ ( 



_ *• •»• 
•• 

l^Ui 



cjit 0iU- 

o-lf- ^Ui» .5>l*Jl <jy <u^J^ tL^ixJl c t z ; 

I 



. ^ *■* J^\ ^SlJisJ 




tmks c^UiJl lip -<Jj^ Ji V— 5 yiJ' cSI (J,i 

^UJ( jil ^ AioJl ^JL» ^ ^L-L Uj Jl>- c-3 ^p ( j^Jj t j Ju*. 



tUjsill ; JjS» oUl 







* >4- SI j 



.> % 



c-^ ytw'j 



sf> c o A J^J £ **"Uyf <y* SI <3 ^r^J-^Sfl jJl 

»>|JL>- jjl c3 .('LljJI 3 oliyM jl oljJUl iJlP 

-(yhMt&fj 4 




7 




y ^ *ja// 
iliOfj cAjUjfj &jL£3fj 






CGS flltt 

c(Uli ^ 1 * 0.01) y : « , . :; . ~ fl ^ (Cgs) JU^i (4 — Jai J «* — -U-SM ti>U*-_j_Jl jl 

JiilSliL. If— ii Lijij 4 — ') K iV j 4 AjfjJf j 4(1 *LC PjJL5~ 0.001 ) ^*7/ ■ *V7j 

^ Cgs 3 J^j 4jw*Sllj (3JUH jl -dj^J 4 ^i/JJldJlj 4 jusfylj 4(273 Ja^ 

.SI 3 




4(L) jiJ 30.5) ^ 4(fps) ^C-^yl&l Jk fUai 3 V^Vl jJl jl 

**rj3j 4^% ^ ^5U-i 3 2.2 jiy^ tfjJ&ytjUj — //j 

.SI 3 l ^ ^ fps j J i j— tiJliJl jl -Jjllj <■ cCjU jf» 



SI ^ 4*J-u&l Cilia. 

. L$jl* CjIA>- jll 4!^^“ *— 4^1-Ail pja j 3 <Cjl-L>- jJl jl 

2^ : .UIl 3 ^Jl y^l ^Jflil jl AjlJLj'y I ^j^ajUaii-l U*** 0 ' *i~ , 't^S/l olJb^ jJl 

>» 



4iJL>ill ol>“^Ua-^>^l £^i^) ^“Ij^fl jl j ^laji-l JLitJl jl J jJa^l 3** 4>L-u*JJ 4-^L^S/l jJl j* yll 

3 ylJ 3 ^ .m ^JjI^«I j*p j sa I c3 y3J y*ji3 4(^*-3 j c.^**Jl 3 j^3^" ( 3 ^**** • 3 m j 

aJU>S)I 9 ^sJl o j$> .LJy 3 jIj 3 jy ^ 

/} J* J^ ] J* d Ja^ J Jl^3l 4-JaiJl Jy J^-aJ (m 10 ? ) Ifky o j&-— ^ ©j — ?b j — . 
til ^jIp y^j^i ^3^ 3 -3 j 4<-jli.i ol>xJa^ilj 4 JLA-I >U ^ .((1-6) JSLi — Jl) 
bl— lc-I ,^ 2 ^ j\ ibjj t(4.0 x 10 7 ) j _jJU 40 J' y- Alrf — * tL—L* 5 ^ 

.vjjSf' S>3l SjjiOl SyUJJ lijL^-l 

j^lji (J yj> ~<*y- l ^.laiT ^Jl iil—il yj iii j£\ ^IjV' s 4 a ^JlI cJ>yo 

>1 ^ jLw j .oU 3.33564065 x 10' 9 ciJlill ^ ^ j_*l ^ t 3.33564095 ajU— i. 

# 

. *^*^1 ^3 J^ 19 tjj yj 





iaij U uil nll l fju Jxa (jjiL* 10 : (1” 6) JS-UI 



.kg J5^ ijij^ 9 UH L & ^ j* jiJ ‘SI <J SLSlU dJ&-j)\ J* fl J& jl^sJl 

yift jft-Jl *U1 j* (> 1 /) jS. 0.001 *JbS" 4j] J* *UJl j r l>y^Jl c£ j — *■ 

.((2-6) jCsJt) 



^1 L&j sJLft pL*Jjijl OjLjf Lb yu *^ju y^\ (Jlj i V 

til 'jj^U J>^)l s-^Cl' j 0 _**aJ' j JkiJ-L izyry {jjJu jj\-{yJ%i\ y* £->_/" y < — ?«• -Lb — £ 



•cm 




J3UI *UI QA (. * JpM 0. 001 iLS-oi Jc. aJ^ ^ f 1 > jLSJl <_/£ :(2-6) JLA1I 




)l :JjSt 






aL5" l) .oUj* j Lyl kg 1 <i^Ji .J jjJl iJL^Jl ji UjI j j ji 

(j 0 jy^ -Ol uy f-^A~ai\ <3 y' j' Jp kg 1 di-fc fy*b yj— 

. JUjlj 2.2 Ji y>- y^ySfl kg 1 oy- yl A^iU-l aI^JI ay ji! I yJl ja 

* ^ aC-Up Uj $Jb*ylj 0 i - r A>'\ y^Jl uy g-Uaail c$ \ ~ a j aIi^JI jy^ Lojy 



«• 

jL>-S/l ^A *. 1 <3y) S JjLil jA Ji (jjJ&y <-j jJ~l> U yyy 4 SI <J yjJ' *A >- y ^ aJ^' 
y 1/60 U jjJj c£yL~j“ <^'y y 1/60 Uf Ja 4j!jJ 1 j AJlill lJ 4 yu" f .(sec yUa — 

y 1/86,400 c£yL~J Ajlill Ols J,li)\jy ^jJl Jz~> ji* y 1/24 Ujy*b jl^j ^Jly capLJI 

dJA Ur'j s 1 <3 jAJ cy^J j .((3-6) JSljJl) ijluf Uj yu cJsj ylJl U-fc Jljj \y c - la—- y* — J 

.Ai-ir Sy lo 9 X 9.192631770 yyi fc-nJ r y>- Sy l*i ->s-J ^ yjJ! Ut ^j\ 

10 8 x 2.99792458 a*L^ JUi^j jyA ^UA a* yi~, ^Ul yjJl Ut U*t ajUI jy*\ ^ 

4jL*^ Jl*-*j y-aJl OL jS 0 yxj Lc,j .j^jjJI ^1 tfUil ^Ljl a;% (^yL*o ^*Uy . g.1 ygjall <3 y* 

y oy ^1 oCiUi 1y-S" 1*1 jTixi* .yjSfl y IJjA?-4JL a y JJij ^_Tl 

j (. yJ^\ ^JLp I yiv* A^ <j pUiaiJl A- — ^jS/1 5 Jail 

^isu- (j^ u^j^ 1 ^ ^ ^ w^> i^ 1 y oUJ ^^jJl 

uy il»- ^ jJI ol jLil C-» yc^.1 tUaiJl iljj j — jI . j UJl 

t^jLl J^jj Jjyu" jl _^LA A;l ^Js- jjSLiill J Z\£- (j- 4 ^' jW^' 

lS^-J cc-yiaJ^ iP^-o uy^ti ^ ,y-A^\ o' y -^V- -cr^^ a- — 

.AiJjx/* yjllJUJLil 



6*^1 



^1 •(J j< ^* <-* J>-) K u yyj tSI j *j\ J» 4J A^L-S/' ^5 — * j — 

lj \ >1 A^y yi cyUll jLj ^Jl!Ij 4 jlkll yUU ^ >1 4^y jLUi 

<3 yj lii yLP ly*j yj .jlj^U jA*<A>\ A>r jJ> K 0 5jl y- A>- jJi .AL^sjf d. 



A ^ A J 



aJ^Aj aU^J 4^ybj^ y yil djl ji~\ h>rj} ry* f.y*r 0.003661 j\Aa£. ( j l. ^ a jj jl A^-j^ 

^Ujj K+ 273.15 A*- jjJl <j ( y -vfl^ jt) y«-J^ ciy^ 4 <3 ^ria-ai^ f-lli .(^yJl) ^laail ^lil 

.K+ 373.15 ^-Ul J (uun^ ji) 

(^i tpL»JJ 5^-Jb Ajajij ,L..i^11j U] 4f.li>i aJU- 3 ?A^j*>Aj aUaj yp 7 J, ft 

tOjlyl^ aJU- (3 tJjLvj tjU ls^ l ■» 0^ ^^-C- Jax^Jlj djlj__^-l 4 

.A^A^dl Aja 6) Ul U aJL»-P v — 3 1 wL& ^ ^ ^JL^jT 







jiJtj 



1/60 s jjJ 




oA^I j 3_u\j 




- 1 •* N H 

oA^I j <Uj3J 




0.1^1 « AC'Lui 




1/24 o' jjJ 

(1/60) (1/60) (1/24) M3 «-»>3 ^ J :(3-6) JiiK 

.^-uuuill t>“ 1/86,400 jl 

_}') A Jslil jiP js^Jl ^ j*j-i V' 1 "' ^ y> JX — <S|I 

JiU J oC 4ai j* Lijij 0 10 18 x 6.241506 j»Jj t(amp jUj^VIj 

.A 1 Ai»J UL ^5" f jL; 

y ^y i—iJl y s-y yj (mA) j^yi ^LLi . j' yW^ ^1^ <oU- ^ — L?y 

y *y* y*3 (|iA) ,4iA j 3jaij y AjlilL 10 15 x 6.241506 jt jy — *Sft 

yjLifl ,oIj 3jaij y 4Jli3\j 10 12 x 6.241506 ^ t jy~*\ 10 6 jl jryS/1 y ^y ^ yl- 4 

* _ 

•y*' 10 9 yj (nA) jyyi 

.oil 4jai y aJUII 10 9 x 6.241506 ji-tf 

3 y bL yAT y A 1 ! A**j A>- (J,] iSj^ jy. — 4 *A5 ^ — c^^ji <_Jlj j — * iil 

<iL^- Ly^j y 0U*j jj tJ^lT jSLio yli^j c^ e li J£LAj tjy j'y* 

IAA oLAxaw* J&rjj . y* a 7 y 10 7 x 2 /^-Ly ylibJt yj Sy ^juJ tAy-: £*^ii-l 3 y* 1 

OASIS'" ( Jy 2 Jll« cJiJ yJl c-.ltgj 3jj>LiAl cjSi y>- yy' jJ £ |i c J, jS 1 ' *ii! 

l) y Lyail ^Lp 2JA1p c2iJi ^ IaJI Ju>r 1 y jl L 3- l\j> 

.4j^ lyyo oi JujIj yilij Ow?Ij y JJ y! 5 y Ow 3 ^ 




S^Oill »Ujs4ll : J jSt oU» 



3Ui3tSfl 

. Cd jS' (j3 jA Li j*j£J t^-5 jOaJl aJLiJJ A^Lx ^1 lS >- jJl ^bJGl^ll 

o jj*y y j* 10 14 x 5.4 ayi Ajtx-kil Ax-ill <»UaJl ^ •ja ty* 1/683 c£jt ~. — j ^ — *j 

O'UJJaualL AJLl* <LJrl aJu jlpl Obil Ji*-l j 1$: ■■ aJ ** 4jjIj , 

* 

<*£* y* Aix^iil *j0 aJl A^*^" lo yS cd 1 jA Ojj Jx-ol ^Jjj ^xj Ss* y 4/^SsJj !i*a — j jjdl 

.Aptp 

o'Jl?- jJl ^JIpwO Jp Ju^xj V y*j j£-iu apLJI ( xda.i.,>o J Up uPJj xilt 

* * * 

y* c..x ; .d' ydl IJLJ> U»j cd 1 .a-a*- ^il Ax^vjdl vju jXJ ry> AJJJ JS\ J * J 4 at A I t 

■l^A A J>T ji (j p— *Jfl l)^^ 0 * (^*^ 4 p- -0 ** £* y* y^ 10 ^ X 1,667 ^ r l ra ^ 

.</& us^ft 

d>*JI 



aJjLU jaP djot-*aJl AjjJ^j^fl Jjl>*j jl aJ y*jij cS^lLl 4^SvJ A^LJlJl oS>- jJl j-ft J J Ll 

/\-1 X # # J 

^•xp jAj .10 x 6.022169 Lj ys lZjL^j y*j jjiUjit zs*j Ua — j1 cJj — xjj .mol 

<3 ifjA: C) y^S\ j^aix J \p^J» <j-* kg 0.012 <3 j*X — li 

. d->b^ Ai— « J t^i^b y ^ y ajl* ^ip ajI 

^Jl A-j jxJl ilJP*b/l aJlA AjI .s-L^^vJl <3 A^abp j 4f.b JjiJl ^ Ip <3 ^x*Ja Jj ll ^ .. ^jg< 

^jjJLljb b I^JP JLS^bJb IjjLpI Jj ^L^jLxJI jl^J ^/lj .Lvsip- bl^* li 0,Jai.>- Ji Ax^jall JwUj 

12 Lc.j jl 1.000 Ji* 



j>* jS fJc. (Jja AiaaiU 

aIjU jjP j oljUalS-VI j jj^^l aJjb jl ^ Si A^aijJl aip ^ — a-j L — T 

jLcdl j A^U- j~^lib ^u]l j»jp j»U dUi 01 .cJjjybl jl 6 jywa jt dji- r 

jl OjI jiil jyj tAJbj*iJl olJL>- jJl oIjU^IP-I jl jj^*j (jy Jal>JJ Jd AlJlil lJj^I ^IJL>t: M-b 

jl bjb bojli t^Jjb* ^J5 ^“1 AjL 5" -LP .oV^biil (3 j^Joj ^]l 0^)b*l xll jl C->V y>%S> „ Li 

Ju^r Jb> jJ6 s . AJbjJ aJj>- J a^lp Ju.^ tjjlx lJ> ^ i-l AjOS" ^Jp Jlp .0b*' M jl V * 

. A>-lj^l jl JjlJI ( Jt^d ailp t5 JjLi* AJliil L^dilj 

. ^ -— V ->*j _jt L^-» l JS” (J iJl—il aijl j^/l <3j l^'i ,j — i 

j^Ji aJl» j is jruii ^ ,__-j ji ik, ; jx—j t/j-Ji j-^Vi id 




Ia^UI 




Jill J OtJb- jit :^LJt 



JlJjiJ J? ^ j^kil cAJL-P AP^*" 4 AajL»J 1 olJL>- ^Jl Jauj 9 >Lp ^ *>S_ 

oiJL>- jJl <5 ^/ JLj jjizJtS / jjf dJjfc j /jP jL^l ^yajo 3 ju*l)l c£^j£ .c £ ^a J jJjJI 

y y. A*jL> -C^jL*) A*i» ®wXJk (1)1 A*jl^L*i I*_p jil ^lp C 

lii jJLJ ^ j j! a)UL* j j! j jJI ei^ ^ b£j^ OjIj bl .(-1 o^aD 

<i*IJb - ^ *NJu C_^S" Aiiiil iJ ^ Jl ) a£ o-ili ,>_A^ ^ o-lj 



04M 



jb-o aJ^I? ^Jb ^1 • *£ 4jj yfjjf ^1^ 9 (Hid) Jft 

f * 

o yLJi jf * yk ^jA ©JLCj Ija^ J>-Ij tl)l .0 jjljJl e£ ^ JL~a <j L-U-* 9 yljJi Ja* eJwaj 

l ^ a 4UI A^jll .5yUJ! /> Jl 9-UJ J l JS oil Ja-il U Ik* Ji 

^ o /o a, - - 9^jqJjiaH 4j^I^Ji ob^l^il .Ajb^* ^ .rad 

Xjfj <*.jj 57.2958 \tjs # jb-o ;M J! .((4-6) J^LiJi) r V ljljl ^ ^ 




L$jl j2± ^jj£3 j o joiaall ^5 jA 

.r j (J jjfca dili A j\«w \*.W j 



4jj) jJI 

deg ^r 4 jl (°) AP^i y* 9 J\x *2 9 J\ Jj Aljljil 4 3rjjli J Aji 

ijw 5 ^ jtj J ^aJ ob jiaiil l^^“1 £j* ^s- Jh ^jip j^P o-jjJl p jlj {)\ .aL»15" 9 yb < j — * 1/360 

. jU^lj 0.0174533 bj jiu 4jjI^]I ^-jjJi .<u**Jl ^Ul ^jp Lj L i^/ LajjL^-I #.L*jla3i 

jiuiB 

* a 

sr 1 a-jL^JI *sr y * jib U> y*jij c <JLaJf ^jfjJf Liil lJc>~ jil ^ obifjjz^Jf 

9 yljJl 9-X-4 l)^^j 9 yl-b 0 ^ 9 jA (J 4-^Ij ^Sj -Ujj >«J^. 

.jb^l 12.56636 jf 471 4JU^JI « ^Jl t) aj ^ ^ bjL~* 9 ^SsJi ^^Ip 




iojUULll frUj-iilt : JjSl ulll 



£ yJl _y y .N a] y S-3 ii^Jl^Jil ajjiff y'Lil a^LaJI oJl>- jJl y u'j- 
£ j£-\ ty y^ .(lm/s 2 ) £ y y ^ kg 1 U jjj l. aIS" J — «L 3 — »pj\ 

a-wi^L^'^I ^Jl ^1,1 4jj a aJL^JI ^1 jL»<*o oylil .yy^SL jjLAiil jl j ^y- 

.(kg. m/s 2 ) ^y AJ^ y> ~ c/jA C SI J 



JjaJI 

|1 \jJl oUJli.,^ * (J <ULa>- 5jow? 5wL>- j 4j\ . J k — 3 aJ y ji J lAiOali a^LaJI 5jl>-jJI y J yM 

^ jijdi j^j:. tSI ^ oljb- _jJl Jl Ujlp lil .(n.m) J y »^s - 

3-L>-j ^ <L. J..a. <il**J.I oJL >-j ^£. aIi^JI Ai^fjj <J ^i-l 

1 J = 1 kg. m 2 /s 2 



CjIjII 

J aS^-ll iilJaJl <j> V_j»- ol_jJl <ylSL . W *J y s-} iej-L&U <u-'Li!l S-l>-_jJI y& ci//J/ 

jl . i 1 1 iiUajl jl ajh.v».J| AiUaJl *-lil Jjjc. ,*Lj o j Jjijl c4jLa^-I (3 . (1 J/s ) Jl ^v» oJL>-lj a-JIj 

; iiUj a>- U5" Utfc SI j a^L-S 1 ' oIjl>-jJ 1 Aj'V-L! olyll y< y-Aiil jJLj . A^Jiy-Jj AiUail 

1 W = lkg. m 2 /s 3 



L) 

A-j\j AJ>«_JlJ| Aj| .C ^ a) y ji j y^S3l 4*&K~Jtdi A»w«< I $.!>* yil jA OyJj^Jf 
jA jyij^Jl jt Ijajl J jAj jl . Lj y jjy^Jl 10 18 X 6.241506 <y j^^J 3^-y-£ (j 

.(jjySO^ y’T) oL>jy>jy3l jl oU yjjj ^jl jl jr 4 l} l\y£\ AJby^Jl 4j>i^Jl 

* * * 

A»j 4j jb ^J| j jl^i jl f-lljjl 3 y li Jjc IS f.lJL>* Cjl J 3^bs«^ ^glp C L*-U — P 

iy>T \Uj^I j£\ jt) jjJj^Jb I^IP J>*idl ^S_ A-5"L- Ajb y5" AJL3W jju^w»r Oyj tljbr 4^a A^v* 

.(1A.S) A-j^J ”jiyl jjJj^Jl t A-w-L^Sll olA>*jJl ^1 O^yJb .(jjJj^Jl y* 



cAjil\ 

djjtJb Ijajl 1 j j*£jf (j ‘y jl ‘JL O j^^JJ A^LiJl A-— *l*v^l ®JL>- jJl J— * isJj—jJf 

y4 .(1J/C) j^i/JU Vy, iJb.lj li)> jl .V J»>b aJ yjj c(emf) <^/ 

^ yjl ^y A**xLi AiU«r AjjUaj gZj .L* wL>- ^| Ajoc^ ^r4^* ^ y5^ dJL>-j ^iaJLi-l ^ \ >Jl <j C-J j fljl 

Oli oUjUaJl .V 1.5 Jly (.(ifjLkf A-ja>jJl d^u^^l J 

.cJy 13.5 J 12 u« £J»J% ^ oWjJl J ^11^ aT>I 3y]l 





Cwl \j OUa- jJl 



. (X2) ^ ^ j* J*-$ ^ *b/b 'y^L^// ‘LtjljLoJJ 4 ^^La 1 | 0 wL>- jJi ^ ft S^ 

* ^ i t 

b| .jw»i 1 <UJ jbJ ^.jliii j jiua tj^ji 1 4>jbL. JLp cJy 1 4i*-i ^4^ jja; 

.(V/A) jw»Slb cJy A*4j 



j VajMiti 

. ._ ,, / / 

■ I I « ^ 4 * +* m // 

-✓ ~ 

j u r .Jl jLipI ^v^jT .21. jUill o ^A 4-iibJl .^Jja^ail IJla ^y> y y a^\j ( jjaj«j J ^ ^ 

Jj£l\ Uib Gj SjJbL. U ojli* R cJlT bl .(A/V) cJ yJU j*,f <bf l5 U 



mho bbL* j S J jJ-b c Zd*Lill oJj>- jJl 



lil 



' T 



■ --...- - 



G = 1 /R 
R = 1 /G 

>j*Ji 

ji AJidU o jji liLw Jj OliT .Hz y* jlj c-5-> yi// v^Uil 0wL>- jJl ^a jSyJ>! 

*.. - * % fi fi t * t 

jl S^Lp JO ^Uj ,ljj>r ijyw? tjO j y J& 1 Ji*J J 4 ^A...A .^1 ^ l*jl (J 0 jyw? 0-b>-j Jj ykl 

t (MHz) ^r>* c (kHz) jS jA jLS ' jJl o^a ^JJ . y yM ob J jl jl 

Ja^ <jl t^\ t(s ] ) jlAiib SI olJ^j 2JN-b y ykl j+*. j c(THz) jj j* tjyj t(GHz) 

^ * * 

Jl jlifl 

C-JjA^b 0 ^ £ -1>-I j iljbiJi .F ^ j 4 < L* * * JJ oJj>- j — J II j ft> jfjl—aJ! 

b§ 4 W . i»J I ^ ^ ^ ^3 W A 0 £3 .Jpl ,1 Uil olLt J l-^r 5-^ _j Jljl_ijl .(1 CA^) 

Cf t-j*- is* ‘■j* j' Cj* ty* _)' j a* *-? J O' — 1' 

.J,l_jJl ^jU- c(pF) ■iijLi j£Lj _)! t(nF) jib (pF) j_£jU.L otJb-_jJt »-U .iljUJl 

LSJ^fr 5 ' 

^JL»— oJ j* *xp-\ j ^la _j .H j*j* J A**vUiil OwLa- jJl jjh 

,vJ ^ j] . 3 ljUJ» ^ 4 *- jOj LL^ 5 50 p-_j a — II .(V.s.A 1 jf V.s/A) 

0_j*L* ja t.y*r jl cJiJf ,y t- j*- V j ,_r* i/* 1 tj ^31 jfl± j — 

• J'>J' J* t((jH) </j iA j£Zl*j (mH) (j^r* yjb olo>- _jJl «jj» .(^jiil ^ 




4U-Uslt vM 1 




* 

oUj.Jfl.jl (J lJ br ojdT ad?- j jo ^Ji . Wb aJ y J j {.^^J^Ljtil jjJLdJ i^LoJl aJb-jJl y jj jji 

dl l <+*£j ^ tail jj jv»^!l J .(IA.H) Cf ^r*® - jHJ J *4j .Aj U*Jl 

.H I AjflJ O-U j$ A 1 A^J J*S~+A OjIj jLj Ajfl->»ijf A^soll 



jo j JL>-I j **>Uj JL>-Ij .T aJ ^ j t (jidilf Ute^J 4-^LaJl aJb~ jJl y* >L« d) 

j* j*i jJa-Jl JLp Cjr^iU jiJdl UwUp jJJij (IWb.nT 2 j' lWb\m 2 ) ^ J.\ j — ill 

^jjavail jOw ^^kflil a>U< aJL>* y jjidjl Jfl jja^- aJV- 1 jL^-S/1 t3 yiddl Aili ^ 

.JajLlj Jd£ j* UJb oJl>o ji bl jJj jjp jjLJl 



0 0 

4jju aJL^ J y-P jl Ljws jl I?; «_py* jU>-S/l t3 A-j^UaJl old>- ^Jl ^ld>o-l l)j^j 

^a j la-UA-l aJo^/I ^ya*; UL-* LjIj .aUUJ- 1 alJj J$ ^Ip jSLio lg^>rly ^Jl y&l^Jali ( A jjU> 

oUi^Jl LaC. La. I j /<Jl J coUpUail otbl g.UlxJ' ,(^j ;i>l j tiljl—aJl j 4 j__j yi>! 

. old>- jJl ojU 10 .idail a y oUpIvi> y ji^jtjJ jJLbj tolJL>-jJl 



ty?) 10 24 V jj— 3 j 4 *. j ! y 3 jl 10 3 olJblji oUpljall olfol tA^Uil aJU-I 

Jt-J' lT^ -V > 48 ^ lj^ .(o j4^-) 10 24 ^ bj^j ;y t j>- o jiiw* y 

.y j oUpUail olblj (I - 6) .AaoJI oUjs jUjjJ ^?w? jj JliiT. jj^-fljl 



(l“ 6) ^iubl 

?jj Ji^jl jJ& U .GHz 5 jJ_ apL* ZZ J jf O-Jap' diJl ^ jlij 



GHz 5 A^oll .Hz 10 9 jL; (GHz) 



( 1 - 6 ) 

J y U ; — ir 1 jl ^ t(l— 6) — » 

.Hz HZ 10 9 x 5 c^jbJ 



( 2 - 6 ) 

?jflj'UlU A-fcUll aJiA ij£ jUJ bU . jiF 0.001 ai^J 



( 2 - 6 ) 

^ ^F 0.001 bj tlO 6 Lj> jUJ ad^j jl Ji |1 jl 4(1—6) J — * 

dUi ^Pd jf ^s_ .F = 10" 9 = I0~ 3 x 10“ 6 4 10 6 X 0.001 if&j 4 ^!jU 0.001 




Cut jdlj J ,/id\ 



* 

UJUP j^»Lj — 4 j^U 1 l* tj^u iyL.^1 { Jeks tJj c(nF 1) Jiijl i J its 

* 

j£Li 3^Jjl dJiA 4 jL5Cj j jl^4 tdJJi j* ^JLj j tU^u jl c»U~Jl OjjSMj 

.(pF) ^IjU 10,000 j£citj Ujl-Jl 4^a)l Ji .jitF 0.001 

(3-6) AJLiA 

?tS y* U-iJl a-u ^ _)L-J liu .mH 0.1 AiU yi ja y*i 

(3-6) J» 

tdUJJ .10 3 _jl ^jLlI <Ji y j in SJjb jl j — > 01 ^ — £s, c(l — 6) Jj-i — =M ,j — * 

.0.1 mH = 0.1 x 10‘ 3 H = 10 -4 H = 10 2 x HT* H = 100 |iH 

.l^jl jL-alk! j clic. lea-all clliU :(l-6) JjJtxl 



ufeUautft 


>ofl 


U&19 


io" 24 


y 




io~ 21 


z 


j^u 


10 18 


a 


j 


v-» 

T 

o 


f 


jj\ A lO 


10'“ 


p 




io" 9 


n 


jjU 


10 6 


mm J\ p 




io' 3 


m 




10' 2 


c 




10 1 


d 




10° 


— 


<j^V 


I o' 


D J da 


«• 


10 2 


h 




10 3 


k J K 


M 


10 6 


M 


l*UA 

«• 


10 9 


G 


Uuak 

**-- ♦ 


10' 2 


T 




10 15 


P 


lou 


IO 18 


E 


LSI 

# 


IO 21 


Z 




10 24 


Y 








ijL&lt :JjSh oUl 



±i\j$ 

c jyilJ N b*i lif ^^ip U Jh 

. j ^l ^j-*l jP ^ tij 4 jb«j^bi Aj^bdl ob^~l <3 

f LjJJI JjLL* CjU^bjll 

* * t # ^ 

^Jj .3iUa^ c^lJb- j <J\ l) ji <i j-^» iiJpbf ®ilp c^jI jill Ji*J (.as **Jl ci^L — j?b ^Jl j 

^Jjjlp ji}\ ^L-f cU ^ja3 <jl 5 ^jljjl ia^ 2u-J (^1 tTl i y^a ^ j -U-J/ 4jfOP c^jfjllb U JLiP c~jI ji il 

s* s» S* 

4 jJJi ^jP C C— |Ltll ^jSswJUj .C^liJb L^Jajj (_£ dJb*-j Lj baJli f.b jjjijl <3 .^Jc^jaJl 

.oliSb ^llb 4JLP j^*aiJ| L$j£ 4 g.1 >,r3 tfll (3 £j)«/3 ll 4P 

gjb 4lilS" 4>o^ J jjJrl Ulfc JiJ 1 ^ J .*bj*ijl j L^iiUalv- ^Ji C^jljiil (2-6) JjjJrl — J 

>1 ^ y ^ J* ^ J ^-J^l ab* Cr* ^ J* ■ 

\jjt |*Ju4 j! /^Sor .l^Jaj^* + U;: „* jjbla 4t_ r >bS\Jl I 4 a «s.l ^5 c~*jb . j^/l 14 a ( j—^ j — Lai N — 5 

.<^>tl£j| iJlfc jjjb6l Jbtj y»S JjJjM 

j^\ JL} -bLcfj £.b J^a)! ^ Iju L^1?LjjI A^JlS' ^ (JjJjb-l (3 d~)i y^\ dJLi yX *j Q.l ft 

O^uill A£g 

# t * c 

/^-C cJljS^ L^JuL?w? (^JL» L* ^»r jf dJD ljb»rli^ jJ-j N 

kg 10 30 x 1.989 ^ a15" ^p — *dl 

j y OjJL^ jt 2 jl fl> jLf OjiJ y 2 ^ J-li Jit dlii 01 .oU f Ujf 4*, j\ UJ^I 13! ^J_J3 j 

.(?vii]j^ cl'jftSf’ JpL-o ^ dlii) .(/ 

^klfcll Jjjjjb 4jJ .AJLjX ^^ip lyL.43 27j 2 |*J ^L| b^AP JiC 4j^ ? jl 2 l£X* yik 1 4 

(km) j^jLT 2,000 <J> ^ UjO^ 0^1 J/ .10 9 x 10 9 x 10 9 x 2 Jl ^Ui .10 27 x 2 

km 2000 *(mi) 620 J r*^ -k 111 1*000 ^pj c 1,000 <u^pj 

J jl? djbw? oLaSC* ^*o^So IJla *>bc jl jJLi* c—JLl? 4jl jlaA .[(mi) 1240 y>- 

.SjjLiU J> ^Jl c-»L>- pj*J- JjUT dJi^ j] .(mm 1) 1 L$i^>- 

J 3 jl dbip , <L^v~XP^ b l%\ ^ b <Jl^b A^ll db & , . .) l-l^" 

^U-- ^jlp (Jj^bl l5^“ J oJp j jIaj cJlj 3j<-U*^aJl 








Cj! jilt j J-uaiJl 

CajIjjII l> ^xj : (2~6) 








•» 


S jk Uafl jt 


'"sun 


kg 10 30 x 1.989 


jh.awJI aJjS 


'"earth 


kg 10 24 x 5.974 




n a Jn 


moP 1 10 23 x 6.022169 


jjjU-jji AiC. 


'"moon 


kg 10 22 x 7.348 


Al ■£ 


r 

sun 


m 10 8 x 6.970 


jlaS i a *■ lim ji* 


C 


m/s 10 8 x 2.99792 


frhoall ^3 ^*»alaj4£3l jLiojl 


F 


C/mol 10 4 x 9.64867 


^bljli CajIj 


''earth 


m 10 6 x 6.371 






m/s 10 4 x 2.978 


jiajVl j! JJ«i At jmi JauijL* 


eye 


2.718282 




n 


3.14159 




r 

moon 


m 10 6 x 1.738 


j^l jiai UfluiJ Jajjd jia 




n 376.7 


jail C-Ujaftll S jjaaII AjuLaaII 




m/s 344 


4jajJ j <, ilaJI el j§Jl ^3 dlj^al! <D jmi 


g 


m/s 2 9.8067 


jA. il! (J jliuo AjjjLsJ! ^ jLuU 


R 0 j\ R 


J/K/mol 8.31434 


jliii (JjjIj 


(X 


10' 3 x 7.2974 


A a til A \\ <\1 t ** < 4 *i 
•* «* • • 


V* 


m.k 0.0029 


us'j ‘-“'j 


c 2 


m.K 0.0143883 


if Jjlill lLuIj 


Mo 


H/m 10~ 6 x 1.257 


jail c-Uiaal! 4jjlij 


d 


W/m 2 /K 4 10' 8 x 5.66961 


jLa jil JJ — jlfiJOjai i—u\j 


G 


N.m 2 /kg 2 10'“ x 6.6732 


4ablaJ klutj 
•* * * • 


£ 0 


F/m 10' 12 x 8.85 


jail eUiaall A-iaLtLm 


k 


J/K 10' 23 x 1.380622 


jU jiljj CaIu 




J.m 10“ 24 x 4.99258 




u 


kg 10" 27 x 1.66053 


(amu) Ajj-il' S^aj 


Mb 


J/T 10' 24 x 9.2741 






tbj-iJl :Jj*H vM' 




>jfl 


*-jM 


SjklfcS J 


<*0 


m 10 _n x 5.2918 


JJi 


Mn 


J/T 10" 27 x 5.0510 


LfjjM <jjiupL* 




kg 10' 27 x 6.64 


till 


W n 


kg 10“ 27 x 1.67492 




m v 


kg 10~ 27 x 1.67261 


UJ^ ^ UJ^J ^ 


Kf 


m 10’ 15 x 1.3214 


L) J 


m c 


kg 10~ 31 x 9.10956 




r e 


m 10~ 15 x 2.81794 






C 10' 19 x 1.60219 


UjVl Si^ut 


e/m e 


C/kg 10" x 1.7588 




K 


m 10 -12 x 2.4263 


Jj JiSCU jjii-QjS JjJa 


h 


J.s 10" 34 x 6.6262 


OljOUi CiAj 
• • 


h/e 


J.s/C 10 -15 x 4.1357 


4 w^*>— ^ Jjji j£ <luij 




nr 1 10 7 x 1.0974 




y 


0.577216 


jlji Ciii 



tJu^ll AjUS” o.i.p (it .J^jJl li> «.U^ l$i ^1 oJ U J. if kiL £Lc. 

JJLaj jS ' t ^ ^il .c£ _/il jkll aI 5" Ji*j c^JJl y* J c Jiiw? 0 J- — jl 2 



Jk$\ JA 

^jA aJjUL* fijJw? .oilil ^jA 6j^S' 4*\at ^ »wOU l ' 0 I jj— ^ 

0-* jjTSft fy«Jl 



(>jVl 4lS 

til kg 10 24 X 5.974 Jp jVi j^- Jlijli. *}>£ V! o-J !*&, Uj ^jVl 

.Lj ^ aJ (£ jl* (3 ^JL i**Jxa 6 ^jU-o LLaj .oLft ^liji 4 *ujL Uj^p 



Ll»jJ 0! ji/L J 4-J^u 4jkUi> dl5"l^ ^Jl?*c uw Up s ^0 ^JL-s-a^a 6 j£ i^S^-a \ * 

mi 152 Jl iJu ^UjI 01 ijfr .jla jL5T 245 jt 10 5 x 2.45 J ^1? U*£L* li jJu — ^ 
ju^a 1 1$*^- oU*£i j>p bjj^ 0^1 mi 152 j t<j> j* mi 152j J j — t 

aiJ - *bt oJb* eJLk 4jt 0^1 ^ ^ .^^L. Jl ^ ^*S^« jt ^ ^3^ * — **£ <±J — Ji .(cm 1) 



»X$ O C * * I L^iA^P . ^K.^aJ' /J? jk\ * • &\\ i^% Ojyt yx) i t^.^UA^Ci .1 

jill ^^iaJl Or 4 U* jbj .3 <J j>*-v2 



- OYi tfriU- 
* 



:^^LJi 



(EM) y * < nli JiaJl jUJojI X&jta 

.m/s 10 x 2.99792 t-jXd) *£'j~* 1$ ... ai t y Jl ^)i^-l jLi^l — ** ol 

it\jJ~\ u*S|l _, t J,al ^1 ^ jr ^ .(mi/s) LiDl J*—* 186,282 lJL_£*j 

OJjjJl .,.1..,^ fljj& Lip tX 4a*£»\j t 4-^ . . s ^ j ' . - ) I *3_ji 4jci^[ 1^ 4^^J^ll fj 

. 4^jl ^ll 5 la ai ^Jxj LI oL liL 



l$S jJl oJkll i_jL^ aJLJ. 1 oJjb jv^i (j (_Jwl>-l ^yasLbj ? la. vail; 4P ^Jl aJl* & 

I yA 122 jl^ic. oLJlI oX& jXij L Lilp . o £ j* ^1 i_jJ jiJl *woJ> LlJj ^ a yid\ ^ ^ I 

jt ^ tiiUll jJJL" Jlisl*jU ^‘^aJl ^LiJl tijc^A yjiJl / ^jLJ- L^_5; (ft) ^ Jl_» 400 ji 

:m/s 10 8 x 2.99792 Jip \ju 122 ' ~' 



/ = 122/(2.99792 x 10 8 ) 
= 4.07 x 10‘ 7 



0 

Jj^T ^Aj JUr jAj 4(|1S 0.4) - 4*jj\ JA JJij j£\ idjJl tiUi jl 

m* 

^Ujl Jl UllilJl . 4^ HI ^Uj^l \J^a jS^Jj 4<Jj^/l .4ja>JLJl oJLa J tji jl 

")! (^S <~jl ^»r JH J yO>r^ Ig-juu A 4 A3>\ yA 0 >I*X>-^]I j^^J jl 4(3 UJl . lu& ljl^?r J 

,a\^Ljla Jl^ Ujb 3jij tiUji uL> 4_J^p (j\ j oU>- yi _kli£ 

Jlp ^IjlpI 3 ? j*lJL>^l j y olJb- j}\ ii'yjo f.1 j>- 4^LJ| a}LA\ JjbJ LJLp jl T I SI 

(^lllj 4JU)/ = 4JU 



s = m/(m/s) = m x s/m 

4JLx]| oIa ^Lill J j\J- LJl Je j&\ ^$3 J . Jaii Ajlill 3 LLjJ| flJlA J ^ill L) ^yal^l 

0 

oIJL>-jj {a A^J ^Js- ISI _/• J L_-~*lll AjIJU uie AilwAl j^-jClU ^J^iJl ^IJLS^l 4 -jL—j^-I 

i^fb) yb Ufc j&Jo jjvp 



(IJLlJL = jLij-i 

fb = ft/(m/s) = ft x s/m 



Jl 4iilSJ jl jjiJl 40JL>JL?r oJl>-j Lp J^~\ JLa i a^^S\j .j , ll ^ ^JLaJl jUa^P-l j SJ, ^ 

4^1 ^iJl ♦l*4 2 jl JuJiA jdr (_^3JjJl L|l^»rj 4 ( ^~-l%*'l jSsJto 0 wLjL« j\P ^il fl JLA . 4Jlj — ^ J fljt 



. 'fouled up beyond all recognition" oUi&l JJljl 9 ja uAy a^K ^ fubar 

& 

yS' OjIJ^-^]I jlj jjLio l*JjLP \a^3\j!a olJb- ji\ j^^J jl 4 jI QjI L^ d-I j j^r\ JLiP l*jb j ^ U7 

s s 

IaS^Il* LfcUiP j .ollw^-l (■ I f-UJl J*i SI o!~b - J Jl aJLJ. 1 oLjanil (J J^~ 44-fiil y * 

,^y*AA li (j\ ^jl yS' 0- , l-i->-^ y 4jtLJlAl SI O^I*-b“^j ^iU J 




ftUjJJl :JjS' vM 1 




aJomi (j j^*ma AjjjIaJ) P jluiJ 

* * * j ( 

4_u fi - * ^ ^ I .A^ok-l ©jL*i»^U -Llp L* \s- jj bi* y^* Ik *i^ll o 01 

.Nj y* Jlj-kl lwL®> Jp < r >\ jir\ 01 ^cb-^S/1 -LiJ a y 2 j£ 

j>-\ c—k* J -* b) .^jkjSll j* ®b~b ^Ji-^Sll alk-b cb-^S/1 JJtJ A^blk-l 01 £*0^1 ( y 

^1p Lla OJjjj Oir bl t^Li* .a^ill y &j jlJilb Lgkl .ii-LiJ ^ tLjajf kb* bobr JL^*r ^ 

0 <Xa\ Jp j[S 68 dJLkT cJlT bl) .^j jil ^ Lu jL 56 jl ^ 0ji~- dbU ebb jb 150 J? ji\ 

L* p—^r ^ jL*o (Jj*l Liij A*oLkl ^Ji>- a~Li O^Ob j-will . 6jkjS/l l 5^ 1 $ ■*«» * * Ok-LS*'' 

£ *)&** ^gbp l-b^ ^jbkl (_£jb*u . A^jUL* JL?r^j ^ <^y" f-^bibl 4 k -CLP A j 

C JiJ j cb. L~*r LkiJ bl Aif Uu > j .rn/s 2 9.8067 y\ L>“ AibJb 9.8067 
(2 x 9.8067) ap j — j j ts 1 m/s 9.8067 ap j ~ j ki^» ajI* t Jlp ^liijl ^ c^» y £■ jJ 

2 -* m/s 9.8067 ap ^J l .Lkkj ts 3 JCu m/s (3 x 9.8067) apj~hj ts 2 J — ** m/s 

k Cjj5^l {£ S' 4P ^a-JI JbljJ Jjbc4 0 .Jil £*J ^ll ^lp IJlA Jbljljl Jjbt* 0 J^i • j£ A-Jb ^ 
aJIp AibS" £*U<* ^JS' AP^Jl JbljJ Jjjc4 0 ^w- . JbJb»xliJ JjU ^-XJlJ 015" 

t( ^9jS/l ^tk-oJ aOp b? c3l*v?l aAxj jj^l tO^^Lu 

Jli .oiL^rl <k^ 1 y, aJ-i ^ L^^Jl ^-^kri a1i 5^ A^jiUrl ^jL*J J Jjc* — *j V 

^Jilb 0 l*?“Sl! {t J aLju . k oki 0 } .i— A>-Sjl ^LwOr\fl ( y* 1 k a .W.T ^L*OrS/l ot > 



jOyJl 1/ s ^- to s0 J .oOy 1/ LkiJ (T Ajjlk 5^ Uajut bl dUi J 

a aJLpU j£ 1 JSCisj cl ^Al 5^ jli* ^Js* eJUilb U» aJUJI 01 ya ^ i 

^LJU ^bj ^ 1 3 OkiJl ^ Ip 01 JJ .[+*Jj AP^Jb OUai^- cc^bl J Jy ^Jl bk*J bl .iJjlkJl 
c 1 j % ->*-0 J l 1^®JL>-1 uy*^^ kblo-b Oj^i aJP JlL* Ajtjik-l oX& ^ip y ~b ^IJIp 

0} .A-w^ij dJjJl Jj (jkj^l J»i ^bv^j cA^«jb C-JjJl <j 0^— k-1 k y ^aJ ,bJlkj| (j bbl \yj ^ y 
lJj .<»ji>-Sll ^b^rS/1 yA j£*\ APj — *j ka.^7 ^JjbSll ^L^?rSfl 01 IjJ-iiPl ^jjkl cl _ysJ 1 ^ 

,*^bLs- cA-jjjJl 4 a.akl J Uaj ^->^1 015^ ^JJlj tcbjk^^ (J ^cXiJl O^jlkl 01 j-^ki Ajt5^^ ^JLJIp 

^Ik^l A-jLo ^bS/1 OJ-b Aik j)b\j p_v? 01 .(3ik ytl) yy la^Jl U A ll cJwa i 

•r^ 1 r 



CELjjsLi 

l*Jl jjP ^lj>ij^**yi Xj AP^ili.1 C->lJL>- jJl jkaj tJ ^j,l ^Uaj yy ^Jjj>*ijl ^-/sl 

^b^| c-;LkJl Uk AjbS^ Cy^J k 0^^*^ ^A-o-^il dJk Lg.4~.aj ^1 j^* OjJb . < JL^l a^b* ^ j ^ > y» 

" Software" kU jY ^1 .Test and Measurement World (www.tmworld.com) (j Jyr 

."V'bU ^ M ^PJJ ^Jl A^ivk] JisJl (f 




Cj! jillj jli ry^L-Jl J^ll 



Lmju Jjl* 

c->\-x>-j (J,l <u_»L*Sl' SI L^ic- <s y* oL*^jl jJ iji- (3-6) ^ — &y 

l jLp (£\ jj J jjJrl !Ju& J U dji] ^y^li 3JuJl> <o <j j£ ^JbJi y J^Uii -cij Wl i 

* * * * 

b* b*y P j Jj $4jiils*dJ olJi>- ^ll 3JLP AS iS^i t>bal£"" ^jU^r y^ 4jj 

Uts" j oi*JL>-^]i yuij jJlj ! l— ~*SJ jla jLS' <3 .iyrjb (c^y>*JJ ^L — <L«) J — ^ jJi — p 5ij «f. 

#* 

o'-b- _jJl »JLa »lJbUu>l jj jJJt ^pJUl j ^ jjJb I j^Ic- Ji jj jSoll jlS ” j J jlSot Oj Sot 

.U^V 



jUuV) 



#> 

d y&ljajl jl <ySsJi y- OJL>*Jj ti)jl y L»Jb J5" b t y-T ^ijaJ Jj olJL>- j ^IjaJ y* Jj y*lll 

jt l-~£ .4-JliJb y Jj ^bJJlS" Jjy£ jf yju~- Jj £ Jl yll Jjy^ jJL^Lc ^ — - .l$~ — oi 

Jj Jj y£ (3 J V tilll y* Ll« 0 j^3 <l)lj <up J L* t^Jb — <3 ^ 



.aJLaj 



J 



<0 

^Jjij t<bjli]b jla Ji^j .d yljajl jl 4yoSlfl -Ijuj dJL>-^Jl ^JJl ysbbl ^pJj 

0 

Jjtj oLpLJI j (JyJl Ji^Jj ^4P ^-Jl JjtJ C^IjLp (j^Pj^'Vb (J^* yj c apL^JIj 

* #< 

^Jl <w-J yii yS*j 5 jpr ^ yA ^S ' Jl C<w-j 1 yil .^LrjS/L; L»jI^> Ja-j^__> 

.(Xj>t J^-j 7i) y j 

(4”6) A-lLui A 

Lp c- AS j J a] 



* #< 



dJi Jij U _jb ^ . Ulj—^jLr 63 Jj— ? jJL_;f Jl jl — if _, J' 






(4-6) 

Ojj-JJ-ii^Jl Jj_^ (3-6) Jj-'Jr' ^'-WOj;Ij jSU. Jbiljj S-^. L?*^ ‘^ i ' I j 9 r* 1 

2.205 iJjJb 63 <_j j^ai .(Jj^J' o— J iJbS3l i ^TiJ) oli jaj 

^ 1-Ujb 140 Jj Lg-*j jij tiai3 C-Japl <i^Jl <1)1 U. .lJ ijL 139 

. Li L*»J_p (j 

(5“6) 4jLuiJ* 

^jjJl IJLa <S .(km/h) ipLJb 1 y* jJLT 90 tl>jjjl j -^y; ^JjI yil 

?(mi/h) ipLJU Jib f 




AjJiJjhh s-b j-jiJ' : JjSlI olJl 




iS 4> (Ji (SI) ^Uaiil -(3 “6) J>iaJI 

.(LaLu .1 x 1 j tl)3 Qj^j iCELkixj* jjl asu V L»^jp) 



■Atolj lj ijJal ^uSbua JLuuj 




tP! 


Jjjaul 


10"'° 


io 10 


- t> . .4 


(m) JU 


10' 9 


10 9 


(nm) Jm j 


(m) >. 


10~ 6 


10 6 


(M-) OJO&* 


(m) Ji* 


10' 3 


10 3 


(mm) Ju 


(m) Jm 


10~ 2 


10 2 


(cm) ji^uLoi 


(m) Jm 


0.02540 


39.37 


(in) 


(m) Ji- 


0.3048 


3.281 


(ft) r* 


(m) Ju, 


0.9144 


1.094 


(yd) 


(m) >> 


10 3 


10’ 3 


(km) 


(m) ji« 


10 3 x 1.609 


10' 4 x 6.214 


(mi) J*» 


(m) >> 


10 3 x 1.853 


10' 4 x 5.397 




(m) >. 


10 8 x 2.998 


10‘ 9 x 3.336 


4 i* «. U 
•• »• 


(m) >> 


10 n x 1.496 


10"' 2 x 6.685 


(AU) AjSIs j 


(m) JL> 


10 15 x 9.461 


10“ 16 x 1.057 


AjiiyjJa 4 Uil 


(m) Ju. 


10 16 x 3.085 


10' 17 x 3.241 




(m) ji. 


10“ 27 x 1.661 


10 26 x 6.022 


(amu) ajj^ a 1&]| oA 2 k.j 


(kg) ?\jc. jLS 


10~ 12 


10 12 


(ng) <J> jjlj 


(kg) <Jje _A£ 


10“ 9 


10 9 


(ng) <*'> 


(kg) fije. jLS 


10' 6 


10 6 


(mg) (ijp. yL* 


(kg) (Jj& jl£ 


10 -3 


10 3 


(g) (*'> 


(kg) ? lji j3j£ 


0.02834 


35.28 


(oz) A^aijl 


(kg) fljc. jLS 


0.4535 


2.205 


(lb) 


(kg) fijfc jljS 


907.0 


10' 3 x 1.103 




(kg) f l> jLS 


60.00 


0.01667 


(min) 


(s) AojIj 


10 3 x 3.600 


10" 4 x 2.778 


(h) a^L- 


(s)^ 


10 4 x 8.640 


10‘ 5 x U57 


(dy) <*j* 


(s) 


10 7 x 3.156 


10’ 8 x 3.169 


(yr) ^ 


(s) A_uIj 


10 9 x 3.156 


10“ 10 x 3.169 


*• 

UJ 3 


(s)^5 






Otiljrtllj J /i jN 



JJalb uijJal o*&l« Jiuuj 


JJ&1L uij-ual 


(A 


jj^a 


10 10 x 3.156 


10“ n x 3.169 


<*& 

9* 


(s) Xjjlj 


273 


273 C >1 


(°C) 


(K) jiK 


1 0.5 56 cj^aal 

255 UuJ 


(1.80 AisfcJlj l Ij. >il 

459 c > 1 ^ 


(°F) 


(K) o»& 


0.556 


1.80 


(°R) u£i'j 


(K) 0^ <->> 


10~ 19 x 1.60 


10 18 x 6.24 


jjilMlj (J-oLak 


(A) j e*-> 


10~ 10 x 3.336 


10 9 x 2.998 


(Stat A) t.** il"i* ^ 


(A) 


10~ 9 


10 9 


(nA) J44-.1 jjU 


(A) jjjJ 


10' 6 


10 6 


(M) JjSJ-a 


(A) ji-l 


10.000 


0.10000 


(abA) j*H>f J 


(A) jaJ 


10 3 


10 3 


(mA) 


(A) jjfJ 


10' 4 x 6.831 


10 3 x 1.464 


jLpI jjiUj Jal J jjSjU 

(liW/sr) 


(cd) 


0.6831 


1.464 


jLjjl JJO^U Jal J ^iu> 

(mW/sr) 


(cd) ^UaK 


Jj^j v ^Uau 


JdL ^ ^ 


(lum/sr) jlpl jjlailL 


(cd) 


683.1 


10' 3 x 1.464 


(W/sr) oUjIjjUL 1,1 j 


(cd) 


10~ 5 x 1.04 


10 4 x 9.65 


(c) uA£ 


(mol) J>« 



(5-6) J* 

."<pLJb" jJCj V \j jLZ' Ji J- ll Jj j ^ 4 IbU ad * J £■ 

jli JbJUj ‘m 1,000 = km 1 ol V jl . jL*f JJ ol — j ^ — i ^ db 

<J* JAl) Jl ^ Jj (, . SW* i .m 10 4 x 9.0 = m 90,000 = km 90 

10' 4 x 6.216 10 4 x 9.0 v lLUJJ .10“ 4 x 6.214 ^ ^_Jl 

oSl l j J>i j' 56 ^jailb :>a*j| \jj* j2j .55.926 L J^ J^2 — >JJ 

ciJbip J,Uib j 90 fci*il a:> jail ip^-Jl 

( 6 ~ 6 ) 

VsjbJL, j.jlaJLj ajJUU (5-6) iJLJj <j ^aJ-l ip^Jl ^ t* 

(6-6) J* 

jL^jl . bjbJb ip j^~Jl OwsLipI JLiJ ,{jy. ilL^vl! ad & ‘ ^ 




AjJlJUrJl $.b jJd\ : JjS(l oUl 



jJl Oj . ( Ju ^3 .A * ^ i yojja^-\ ^j\J i-4 ^UiJl .0^}J (^1 O^lpUJl U2 j 1 ^jfzj C 

0 :> j' 'M S~£ O^j ^r U ^ Jo 3 * 2 ^ ^ 

0^/1 Ud tAiz>dj tdi aJLjJI 6*\jb c-J ^Jl ^1 p a***U-I 

.((3-6) JjjJrl 

t3,600 p...»~jdl dJJi ^.paa .oliiL j! apUJIj ^jl Jj b Pi 

J 0^1 bpi .90 km/h = 90/3600 km/s = 0.025 km/s k^jdb j .apUJI j jl yll iJp 
c ajL^jJI j .uU» *j - u- 4P jr ^T m/s 25 ^ J-^J 1,000 i*ud ^ ydl ‘ ^ Jl _, — y^LS" 
i^uJl 1 -La y6 .82.025 3.281 25 v* 7U' cii jd Jj — >■ 

uUil ijjbkl 4P ^J\ jp j^l y>r ^S 1 jiiij c ft/s 82 i-uJl ^ jLJbj J J j-db 

• uyLft 




j5Uu Alid AJli ^jLp o-d lij aJLpt- Sjst^jdl o .d jj^ai 1 Jup J-^adl Idfc J (J1 <dl jl J — P 

.c-^ii^Ji ajLa l$ y 7 y aj ^? rS/i ui UJp 

^p ^ ^ j y J ji' • 1 

.jw*^b olij^J'yi ijp (a) 

.Sj-p j odji-l iJp (b) 
.^S £S\ Jl ^ AiU.il (c) 

.iljJl J ^>- jj-d jj^SsJ^b ^jJJail ^jll (d) 

^J^rl 2 
.jjjl; - j *ai (a) 

.AjlilL yj> (b) 

■A 1 . r'AAT (c> 

.db - Olj (d) 

jldl I -La ^jp pj??-dl ^ ^d?Uil jijdl .H 1 Uajj^- Ud* 3 A 3 jU jji-U .3 

•wb 3 (a) 

.H 3 (b) 

•T 3 (c) 

,ob jLtil oJlA /y* (d) 






Cut jiJtj otjL^- 



dlfc c^jL-J J>\ ^jit Jjkil j mW/sr 4.392 sjy clj_> A 

W>“ 

.cd 10 6 x 6.4 (a) 

.cd 3.0 (b) 

.cd 6.4 (c) 

.cd 10‘ 6 x 3.0 (d) 

K 0 Sjl>i ^ jL; .5 

J3 f-tlt (a) 

till o LU aki (b) 

Sjl^J-l i-jUp (C) 

• d M ^Jia-A* 4jl ^ (d) 

*6 

•j* - f!>jLr (a) 
.aJUIU ^ - fl> jLT (b) 

^ - fl^PjLT (c) 

AJlijU ^ - ^\ j& jiS (d) 

cJ j p til Jaii Aj jL Jl ft jJL^Jl Jj yi Cl^. .7 

. ® j! >J-l 4^*- (a) 
.Jtj^Jl j j%— Jrl *bT (b) 
.A-oUr! Ja>- adC (C) 

.olLl \^S (d) 
(L>y jCi y^SI r Uai .8 
flMJ (a) 

•c£ ^ill fUaJLi (b) 

fiwi ( c ) 

•^>4i ^ ( d ) 

y> jLot Ji\ .9 
.^Jt f-jCaJl o-UiJ (a) 

.a jl J^~\ A^p jjJ (b) 




Wish :Jjty cjUi 



.4-isoJi AjjljJl ^La) (C) 

.a* ajjIjJi (d) 

JJjLJl .10 
.aJL^JI (a) 

.S*lU (b) 

.Olll A-^S" (C) 
.a^U4 ijj bf ^ (d) 
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■ *■?. . IS 



L«JtiP o^lil <-^-^4 lit* ’o^Lil u <— ^ ^Jt 3JL ^jaJl jLiu ' 

j ^-JLf jiaJ I 4 <— g. LJUi l Ia* . ^ 

jJjUkJl IJLa ^bu . aJL&Lw.U oYJLJ-I j 



aS" yLl a- jU> lijji aJ*VJu S^lll 3u 

aL\j X*& L*- aJL 5" 

.<_/? jSn Ail5" J>* SA>- ’'S\ 



. a^Ip b ^cla^ <^S ^JLp 





jitjS/i j*AJi oi$* 



J a 



} L. ^ (oljj-Ju) 

4 /jC miljtitXfj 

-fr- '. • v ■ iW . 








£? : • • 

. _. 



L> ^-jbyiil A^A^wL-mJ UiT t 

.aL^JJ L J^ > ^ . ^ 4* - ^ Jfcwi** 4^*?’ 

aIiT ^ ^ jlJ\ aJL^ ^So tef 

J7 jir 




> UiJLli la^baj .aIiS^ Li c Z->Lt> cO^bbi ^ £sUj~ SjpiHf 

(j <u-LJ ^ j^- ja 4^SsJj JaiuaJ^ 0 




••>•>■ \ > 




Ail^S^ caL^JI Li ^ c-L ■»*■ ^*1 a 1". n.^sl 

0 -- is ' 1 ^ * ' '. y, ; ’ ..: 

. W JjLli jJu^aJl L-j J^\j d^Lp aIi^sJI Jl jbiu .OUI ^jA ^LA ' *U^ jt 

jl <i yJl Jp Ja^S/ 1 aL^b lajwaj tL« 0l^« IaJLp aI^JlJ 0* : 

Lbao! Jla*^^/I oL^L ^ j>S^( aJL 5" L* 0\ til jV ^Ju 

LiJb-iS^ j ob4b JLaaII Or 1^ t « « *> OjLu^Ji L _ l^*sJ ^ O^Lm^ ^ i - j 

U ^Jl 3 jilt OJ .aL^ c^-Jj c 3 ji 6 -La y ab4b JjL-^I oL4Lj cii*— J ak^a* 

bLLJjsS^' > db^t Li ^sfci’ t ^.<i m a > Ak$3t „ ^ L -^ i jl a^^L^ii t a^-?t ^ ^^a 




ff*** 







(1 d-kl J?\ j& c5 1p) JjjJi (*l-bul *JU- 3 c~?w»lj ^>r jUM {.UaiJl Jj Ul ^ jSfl ^ — Lp 

.f' jL^uJlj ^jUoaSI <L*5^ ^il IJLJ 1 lit ol^l ^ UX jl lijj 

4l£]| Ju^j <Ui»S 



•* •* 



UjJLP 4 jL ^UJ i d.. «*J . jljAL 4jjjt tU j»— JUJbnJ Ja~oSll 4 aj ^ laJl j| 

c^oUrl ^Ja^- dXi ^aJ .^v^jS/I 4*oUrl ^jJU- (3 dJli c jlj*ll ^1 p Ud- ^./al 

4llS" <jjj jd*~i. ^ d->l j-Jtlil ‘ " : c j U] .<—-5^ j^jl 3 dl^- 4 43I 3 ^ g fll 4JL»jdi <^3l Ju&^l 

"!)UU ^|a>I <W?L/? ^Jli" U-*-* U-~Or <jl 4-JlS^ 43JU 3^^ ^ jz* J (j }*y* ■ 3' j*-^r\ £-3 ^ii ^Jo l^_JJ 

.N 4ii^Jl /^Jj O jjJi . ^UdJi v- .jadil 3 dj^> UJjlp 41^ g,\ Ja>- 3 dj^J UjLlp 
t<j^jS/l J^»“ j'-^ 4 3 Jj^” dJjl jl dJjlj Jy 4-U-jj fjAi dJjl ^_f> y*\ 

Ui j^dJi dJlA 3 J\ 4iii? <kT ^Li dJU^C <Ju5" .djjJl f*JlP aJUaa]! ^JLlS " y 3 f-^ JS" J 

j cLi ^il ^]l ^*)UI ^TV-^J dJDdS^J tdX**-*-*^ £/• (5 ^Jlil) 5 ^>-1.3 

OuS^ ^^jUll 4->- ( JaJ J {j* jd>w?l ^Jl 4_fllia jl £v}U?l L5^ ^ . wLcA* i • g.Ut? , ,m\j 

?di)i y o5*td L^-Li 

J^- (j^j^ j* {\As*z+m\ jt' Jal ~j* J^Lio caJL^JI 3 ^ — H v-^ 1 — J " 

<S 

■Aj>* I 3 <Jy C-av? j li| .((1~ ’7) 3 p — ^ ar^ 

diJi w UI .4P J^o ^ajI jJl c^jUl V- ^ 3JUi Ch ^ Ui .ji—Js-l ?4~* Ua^p 3^1 — 4MI 

A^ai 4 l 5 1 p IJU "aJL^JI ^Lu" c^dJ 43 ^ .c.Jxj u 4j} 3JI jU J\ Ul!k> 43 ^>-1 o 

3 diJi Jj-L>«Jj ^ jaJ Jj 3^^) ® ja*^-l (<*,»a;ll) UjjAj AJLi* O 43 ^^ cAjJUaaII a^S*" ^ il ® c3 

s« s« 

*Jj ->ju -k*- _jJl (J LUj _J it&r j ^ 4l»l5y OljAl C..— g Jii^ .(d j jil j»IOjol ii; 



_ji^ jLkl 
* ^ * 



A alj£ /jjiLjfl ^ > oa.ll 



LW 




loulj 



u- 3 ^ 



.(jjjJ! ^I^jl AJuj Jj^j Ai«kj 4>ajl jjfi 4>a ^ J J jtJJ J^- 3 * 4> lAs : (^”^) 




c&jdllj :^LJ» 



.fL-or\!j J^U o!3 fli ji jLf^i j- 4 of JJ UL- jj jljil Jl l*i> o jjU* 

4jlj ^3 lS 0»l>* .aIi^JLI jj ^1 d^Uil ^p 

^yjL- . J ^i*ll i jJL>- j AlilS" ^ .~>- (^t *JL5" ^-UJ o1Jb*I*-l UJLP vib£o>. p *»j {£ J 



ly *f*j UH p >1 j( ^ii! jf JLp fJb^JJ "aI^JI ^U,” cJ jU. 131 oW 

^Ull eJjU- 131 .aJL^JI oJla ^^Lp yjj co3U-l <j\ ik* >rj^>- 

* 

f ' - /sail ^ jl f ' .'stc\\ J§ C- jl**J j Jj bfejw f' jL**J aJI>- (3 -z 3 d ^ 2-S"* 0 1>JL 'S’ 



(1-7) 4JUa!I 

t> * 0 ' 

Ls^tl y& yi>\ .aL^JD ^LiL« <3 (1 — 7) <3 ^-*^vU L»^*or j ^2 Jj1 — *®1 

.(2-7) jJLj j «5JL>W» jlgJrl loA — aJ'VJj — <1^ djjUil — * J! 

\jJ> Aj-j >J! aJL^JI ^ L* .(Hz 5 j\ y j>* 5 c£l) AObtiL aL»IS" oljj^ 5 :oy> p— Jrl 

(1-7) JaJI 

* *> * * 

(^£ 2 j>UJl Li^l (b ^*L p *^». x of ^1) Ip y\* j i j^s^l ^Lp ^^^31 0 .. ^ -^1 

4)3 a; li oijb Liil Ua>- ^-jl >( ^>iJti! ^4 ^i^il Jaii-i L4 ^Jl a)ojcS\ j-l>- . (aIi SsJl) 

Ui" ckg 0.8 Oj c5jL-J lil .j^i aIi^J! fyl ,aJb£Jl jyz £A ^\Jci ^y>- jL-Jl dL4b 

.(3-7) J _>* 

fi j. jLisb yssii 




AjilSIb Cll jt JiAVI 

.^l - 7j ^*Jalj3sl "aJj^ (j*>IjLJ’ j! j3aVI 4 VK\1 :(2 _ 7) 3^'*^ 




hJJbi sll frbjjflJl «»»Ul 



(2-7) 

ity-b - ib£jl liU j t (l-7) j£iJl ^ "iL&l ^Li." J*ii 01 jSo: liU 

Jaii kg 0.000001 il^Jl e-IIS' 131 ((3-7) JS^sJl j (2-7) JSCiJt j r _, — ->l - 

?(mgl jf ^4* 1 y?f) OxOh 1 ^ Ox ~**y*y 

(2-7) J* 

I. 1a (_) j Q~ 4 ^ « fill o^A . j(y? 4.I 0C U 0^^ _}■•* 3 0 ^ 1 O. I . t-.i .fill j" ^ . 

(_£l J - g — ^ (4 jLj8jM (J§ jJ t ^y> JZJD i-i3 . Jbil 

^iajl^JLJl 0^ aIiS^ ^yg ^ j\ C$^~ aJli^JJ ^ l a £• 

.4JbT U 

(3-7) &«» 

V-b 4 ^ 'J - (V^ ji »W^*' (3 ^ j^V'j o^ eT" 5 — 

J, J jd\ oIjLj Jlgol <io ^kJl «JL4 W jll oL^AlS" coL^>*-~* ^Ijb-^i^l ^ - 




<uIj 1 U CjI jlJpAVl 

.(1-7) *1—11 lU =(3-7) JiAH 





& ji -\ j tijillj 



(3-7) J* 

J5 - A.oLJLiO aL^-1 J5 ^jLij^ji]! Aj ^^JLj L* IJLaj < ^ 0 dJLg^ Aiijj L> 01 < ^ « j 

j jfc- 4_^i LO aJ 0^^-> 0 1 ^ lA-3 t ** - j ^ ^^*\a ^LjLJJ O^^J 0 1 j 4 d ■ d 

/o ^L. aJL^JL U 

SjB 

.OjjJl ^JL<tL>» a ^*«JO JS"j t^jS/l J^>- jU* ^ jjJJ *LOai aJIj dk\ (Sj^ ® j* Jt^ 1 

J&t .fl>“ ^)l <j> J^Jl v jW O' p-L*J cJ ,fL>- ^Jlj c-^ jJaJl :di*L*l OL>^o <0i*— — ?r J* — £j 

k* 

.U-gjiiJj c^J bl o j>. J-l il fL>* ^)ij j-* J**- 

y&\ . jlJbM i 'jfr JJjjj a j? ftJ’-l (3 LaJLp <«--> ^laJl 7% -wkwww- c-J ^jfltJl 0«> ji k.lJjl ( j/ 5 j I$1 

# <5 # # 

j £-~J Jjlii oJLp jjajl <3 .(*>Ui ( jd jl I jiiS^ ® ^ OJjw>U V jW O yLS jJLil 

o jxJ) OJUbl./^Jj t5ja>«jLi a ^5 ^L>- ^)l jl ^ jiaU a yL* ^Xcl^m i( JjLail jlJbklj ^jja^ j j a^ 3*3-1 

.ft>- jJl j ASS' <*s ^JaJl <3 <— jotJ 



^IjluaS o^jaII 

jL^uAjI djii jl ^JUaJl a15"j ^1 a yij caL <_£ I a jjsll 0 _j^j 01 ^^JT, . <bpbcO a-^ 3"* a yail 

jUl al^-l Lkib a jiJLl .aJL ^ i) ^•l ^lijUl a j-ai jl aL j!b (3 

a^lp AjiJ^SU .(a b) UJ? jcjLlJI J^j>0 j) Aj ^3- j ^JUl al4^L> aJJLlJI j * 

o 

. F ^Jp-l sJ> *&> djxil Jj jyS~j jl 4 j^-C . A-Jaj ^P Aj Jj£! 

aIi^S/^ ^y 2 *^ <3 d aJL ^1? /^p 01 .^La j^p Ob>-S/l <3 d al^-1 O^^j 

^Jlj t(N) ^ V^bajl AJjjJl dJj>- ji\ .F js-^Jl Jjlil sJJ-\j aJI j^i — jj 

diitj kg 1 ^ AJUaiJl eiJbjT jA j ^ jUl 01 ^ .(kg.m/s 2 ) y* oblb j^-^j — *jlS 



a ^AluJsl aJU-1 ^jA 



L^: 



Li^Oaj b| l)ajl j-X-j Jj Uli cii-li tm/s 1 !-£*£■ 1-^* O^^j aJL>> ^1 ^jLip^/Ij aJsi^I J? 



.L* JL?-1 



5ji» 



^ T * 



4* ** 



jl e3l j^Nl a^^5^ J*^>- /j- 4 1-^Li 0^^"3 aIiS^ ^Lp La jj \J ^ a^iil ^Li ^ 

aJL^JI LajL^ l3 j »& ^il aIiSsJ^ ^»L3-<* J^j JL iu L) j-* J5 c 3^1 d j— 

6 j*\*A <^-^r . ((4-7) ^jSsOlJl^ ^Lic. aJ1JL1w-Ij A^Avaj Jj-1 f.l#iJL oJ-l-i j a ^ ^*L aa *j i 

.js*ll AJLj J UJL- ^Uil IJla 








Sj a 



.jLJUSjill :(4-7) JiJifl 



jJ .iljJi ^ Jj>xj IS!. JaP- <J ji? P A>-i j^fl 3 Jj>«j .4jL*j[b Lvaji ^/jy/ ^_3 j *J 

Jap j^Ip km 100 c Rochester, Minnesota ^p u*J Minneapolis, Minnesota 01 J j — £ 

oSf km 120 (iiUll) OU tU.S. Route 52 ■> y> IS! 

j> << 

.Minneapolis J) Rochester j* UJai^.-l jU^ ^ V jj Ja}\ 



£bulS 4*1 Jtfl 

L^-lP ^Jl j) 4jL^ 1? LS O V 4*plj»-J*» ^~J£u*~-A JaP ^ip L^Jj «A lP A^\j^\ (j^ 

JJ jLiJ .(4iix£ oJCJ^ ^ JJl j) UUj-l U>j (c^ ^ p-ty SiLJJ oU>- j jl y* ^L£J! jf j db 

Up^ . jp Jl jLJuj ,q a j&Ju 1»po ^ 3— aL j U 

.q cJ> ykl Ijla j ^JbwJ 

km 100 Lj yaJ Rochester Jl v-Jh Minneapolis ool q m ^U-5» OjSs* — ^ 

c-o’jLflP aUrU <U»lJL* c A> rj3 320 i,- . a - ^ ii Sj^lj O Jap- ^1 p (JL*-a*J! oL4lj 

01 LiSCc Mi t Route 52 Jj ^J aJl oLiJl jp L?j^ .^LSi-l JU-iJl ^ UMJajl apL~ — S i 

.Olpjjl Vjj >j tjMd j>P b jjw^ olf.U^-1 Aatwi aL4^fl l)S| 4>-lj^[S 

J5 tf> 

IJla j Up:> .d^Lp JjU jJlv? <—* jA i^JL- jiJJUS" 4>-lj^l J,! aJU-l aJLA J juii 0? ^ 

.ff m ~ 120 km . a 



A^IJVt JjJau AjftjS 

oUa3-*^it J'jU- L^jrh::^.L; jl JiL-JLS ^LjlSLil ^LaJl JtA>- ^ 3JL jls 0 j_L>£ ji 

(S*UJ) .j-Uf ^ Route 52 JoW J> jlj* _j' SjW- 5^L5 aJU 3 . W»k ^ll oUL_J-! 

aL jis ^Li . aLstulII k 4j^Jajj AJbt»x]l o' J iUP Jjtj (_sJLSt ifi-jjaxi! <#L*J/ J/-AP aU.^1 ^j 





ar>lj lijA I»J :gUl 



^ JJl ^jjl jl c^Ltkli pJLu it'Uu* y l ^LiJl J jJLb j i me ter stick *k~-l y j>pJI 4jt — ^ J 
.(c ~ 2.99792 x 10 8 m/s) ^yail ^lill if- ^~JI 2 i <jy Jt£j^\J yyaS\ 

j oLjI ^Laj jf yffl jl 5 j jl j ( ^LJL> j^y 1 ^Ljci dL^rl <u5^ j ^ j ^ 

^Aj 4 Ll~-*- ^ if *Cjfj AjJ^- J^_P < y* dli^'yi ^i-£] ^ P 4*L£ 4a\l ’ t * <ju>- J 

2j\»>- Jl J»*i 4»* JLPfcl* Jkl 4 jSj jjbJi j&S , 4pLowJl ^ J^LSp *Ub 2^UL* jL*-J^_JJ 4-*- Jl» 3jjlj— 

Lp y5^S/l ^UaJl oj^ S*Aa JLp Jl*Jaj cjL> 1*X>J ^UiJ <3 jS-itjlj Jli — JL jj .jL^-i — ll 2 «3r 

(j# jdf bijJj (jlytJrl tJjJaJ/ UjJ/ SJjj P ^a il ^Ljpj *.L*1 p Jj — L'_j 

* 

J-^uiJi (3 ^IjJl fl-i-k i^ju jAj j ^ bljJj ifJiaJi L *fjJ V-l — j tt_JLUi — i J 

yh cJjl IJla j/, Juii ; y&^> ^Ul ^ blj tjjLS 4 -*mJU 2ijL aJla ^ bi) 

,(!jl yil M*l t-— lil cJji 






>*¥> 



jJ-lAJ 



i*SI 2 )*3 a. Jl 4 _«- jJ\j L* ^t- (jLiiil <jji*^ ^jP j^ju ^ — a 2p — S i 



-* Lf 



4.. i i ^ ^ <— 4-4J . .. II jsju .^Uduni) ^^-*0 — Ip 4 . ~ - ~ 

^i.w,JL jl w4^ *J 1 jl 6*^ Jtjl ^ ^?T1-JJ 4 m** ilb * 1 ^l—i^ J 4 * * * 



£ 

Route 52 ^ jLi. j ^ « jL—U <j^$o Jii .(m/s) oliil* y* ^ Sp^JLi v^UlH 5Jb- j Si 

^3^>*-Sl ^ 3 * ill/s 25 4-^-tflil j < J lP 4P^mJ| ■ Ifl « « ^ J jl 4-.^-^ ^ I ^J r 

« « «* . ^ ^)l i ^ l 4 « » *. * Slj m/s 25 ^ljIj 4^^. «< ♦ I « < <» 1 1 ^| 4 . «* . *> 4 >,^ 1 ^| ^ <»1L 

dl^-lj . I w ,/iT C— ^ l^j jl L* <-* 3 jj*- j j Ju C - ji * y 3^ ^ip ji — *j c..i^ l^| L>t^t^> 

4P^*-jl 4^» _«?< IU . L-^La ^>« A dL^-'yi^j t ^Aaj 4P j* .< Si ^jP j\ <*tS| A . ntj j * *1 l^> - ^ ^jl J-* 4-*J 

* *j 

. V Jstil cJ yUj AP^l Jl CL^JI |Jla j y^ j* l-P'-i . 4.»l.x * - 3- ^** 

tjj JaJl jou Jl y- (J>l yil) ^jl5J,l ^Jp c^-*i LaJ? jl 4p j — U 

Ja^I Jl . * > dlyJ jJLiP^^ tjlyll ^ J^-^o ap^ljJI l — aPiJj yai 

' - - r ' 

i^j^l ^P^*-*JI iAj j» »«* IaJjPj (IaJLw* 

jwJ jjljf Jbil Jldl J <_/» y>l .ajT jl j^jJl y^ 4it^.JJ Ja_~- yui' 4p^Jl jLip! j 

Jl ^Pj—Js C. JL* c^i Jl>U ■> Jp*£.j c^jtj ^ m/s 25 *p^w 

« ^r 4 m/s 25 JS 2 p ^1 o-iUy U-bu c^Jj y^j j Ws 10 £JUl <3^' ^ — =L* 







y oVI -rn/s 17 UJul#- if- J— ll .iijj <■->-* JLst J ‘lSjA 

iiUj iJaJ- iJliil j tip^Jl iJA- j/bfl) Jaii ^m/s 17 if^-Jl 0_j£l_j ikJ- Jj S — UJ- 

.(AP^-Jl 



jxjji) AuibS 



► JU-* 



*)J Jj . 4jbJj A^jjj 4P ^w»Jl Ak?-b* ^ Oj\+*m tS'j** }J&%J 

<~»j o j& (j aUuJI olj J-> ^J^P AP y— «// j/UP I*j ^ 4 Ufc*Jl 3J P 

jL* 0 ^->b* -3Jj£ Jb~ <j ^JUotii C->1 ia*£- 43^*^ J*^>- ^ jj^L • 

.JUUlb 

«• • 

cr Jj .AP^Jl J V-i*^ ^ obUp jJijc* oL pi" C it 

2^1 ^ )oll A,4L*io» 4 jl>-LJmJ1 0 jL«w*J! (4l^*J^ <J*^ *“ * ^ j ^ 

y ujjlJl aUjJi UjjJJ oijjjJl ^ap jlpf) (Tachometer) aka* — l! 

j .aJou* jill ap ^-J l iaJ^H ap A-^-L iJl y 5 jL~Jl 3 ap^wJJ — i* <j**t — ^ . (rpm 

5 jL-Jkl ^-LJ ^JlJLp ta^AP- 0 cbl L4 j£- 4jsu*^iU ap j *+ Ji 1 — ^ j*-> j' bl i aJL — iJ-t 

(^P f AP ilAP ^Js* 

* , 

a^ 2 *m jIa 4 Pj~o q L^iJb ^1? t* iiLv* t/ 4 -« tt* bi aJL^ 



c^L^Ji 0^ lib Ai%cli .V avg 



^ = V avg^ 

Vavg = & 
t — c[/v aV g 



(4-7) <1ul4 

Tjnst ^ ^ b ^ J* ~°j^ A *(5-7) 3 <ii j — 



?AJb fc t = 5 AW)t J 



(4-7) > 

^ iaP jp SjLp oSf vliJi ^ /< ^ ap^-JI 

k { 20 Aib^ d\y 10 j ^r\ JiSi .JW» >' ^ ^ J^bll AjJltili jb»Sn ^ jj* 
.v- = 2 m/s <* ^ ~ 5s Aia^JDi 3 ^ tbJJb] .20 m/10 s = 2 m/s 0^ 

HIM ** 

(5-7) iiu- 

a* 1 ^jl' JAl J (5-7) J^-i-Jl *J jl-Al v avg ik-yi' ip^t ^ 1 — * 

y = 7 s ji t = 3s 





0 5 10 



•(8-7) JJ (4-7) a- J5U-U :(5~7) Jiifl 



(5-7) J* 

<* # 

AP^-Jl OLi dJUJJ .m/s 2 Lit U-— pi*3 ioC ^P^-wJl jli Ja^ 5 jLp ^>uii jt Lc. 

l$ u)P^~* j L^r^ 2 ^ j Oy V av g 2 m/s t<4a— 

(6-7) 4JLu 

c-i ^JUl 0^1 aPj_J( js- ^yu Dl tuSo:. lit* .(5-7) J 5 — ll ^ s*jl 

.^>dll IJLa 4}a~*\ jJ 4lS"" 

(6-7) Ja. 

** ^ 

AP^*-*Jl i ji aA> xSj ^ cLaa*o ^ij*^ (3^^ J*~ ^-4^ 

(7-7) iJLui 

0 j£j ? 4aJ- c_3 J .(5-7) J jil (J l£ ^ aJi Vij — ^ ^ 

?m/s 2 Ji 4j l— • 5 ^>*44 £-> jil v inst 

( 1 - 1 ) J* 

« C # ? * t 

(j> I 33 1 * b^L***** 4 Lw* 5 - ^ *^w w <» ll L-U c j\^ ■ ^ * tXsp* 

* t 

,B 4a d i - /? (_£ ,^. . A,".*.* li I 




iiJULasll *(^1 




C$^ J Oj^X t Ijji yA ol^-\j l)a>- a]olAJ ^jA y^A j\ 

* 

• Lji j*> t ~ 3.2 S j$ U" IXa (3 ■ / L5^ 4 -*'S a ^ .(?) J_^" 

(8-7) U**4 

C—t <^«Ul j»— Pt jLipVIj .(5-7) jit jya.lt jAlJl j*IJLst: — _^»lj 

1> tm/s 2 4 jjL* *• A-J^/l 4P CJl5^ ^Jl / AJu4jJl 4ji>dJl (j .5 4ja— l yt J>- (_JJ^?J 

3*1 L$iiJl 5iL«li ^A 

(8-7) J* 

^ .a " -..... I J (^jt^il ^.. 4" . .It jL^l (j* t (7 7 ) iiL*J.t L^Jjr^l ^it t g ..a< AlaJLit u — 

* * t * 

I »(^) J *T*~ jl*-3l dl£b 1*4^ La^41^-> .j 5 ^^“»-* — “'•'■^ ^*1 <3lj 

& 

,L.yi; <7 = 1 1 m o> Jliit ti* J jjy .q jjA I LS b- 5^_«Ji 



ApJAdJ) pUbUI 

4 

-i>*l jJi JjlJI (3 $3^1 x Jl^- j* ^j-* ^p j-*3l 0 ^Ss ' .. j 

^axj .(*UaiJl J) ^U;t Aj^j <3 j\ (j^y^A 3) <jjX*j 3 ^ ( y^ .^A Ja>- < _ ? 1 p <J^L4i J — i j) 

iJlfc <JL^- £jL>- l)| ^Ijuf <^L> i yA j£\ oIaj! j 1 ^ * (3 *P X>1jLp <3 

£\jl£& 

4 j 4 

AS* j, <. ll £^1 jlX ^P ■ wTil ^/ . A^pUcJ^ ^.jT ^^3 ilj^Ja jA ap 3l ^ l » » t > l 31 \ 

^*1 » ■* I flj l I IM ll .ir ^jjt <3 ^ . . .. \i AP ^ "i- 1 \S^ , lli^ Jl jJL^ 0^3 

25 ^p^t-h c-^ li>J .l!JL 13 *_* ^Jii) L^ip ^ ^U-i j'S' C^*> <•(*$ j>l (31 a^x* ^ ^Ip ^ 

4 jjo «Uvi oSf jX ^p y—Jl ^tlr^* 4 3t)° (J T- — ^ J f rn/s 

& $ * 

(3 5pj^3^ jA Jl j3io ^ .«ii (^jJj ^ A o^A7 . » ^ ^ 3a \-*Ay~M J ^ ^ 3 

AS- j^a An^i 1 3j3L( 7 ^ J^XJl ' (* g ‘ *> ^ A^r yj dL ^-^/1 31 y\-Jijj t4 o^tfT.w ll AjfcjajiJi 3 ^P J“ 

*Cj tfl 3Jii! jil AfciS/l 31 -C^f i A -WLij £t-X ? jj ^ 'Cf**** l 3^ (_?^p jy- - ^ I 

* 

•Cr 4 ^' t 4 AP^-Jl 3 ^ 35 " jJti 

4X-^uJl ^bui ^ 

JWJ ^Jl &y£>rS}\ ^1 y)\ ( J^2A J ^1Jl>* 1^1 A^« AP ^-ii ^LiL* Ap ^-Jl ^IaJj ^"Li ^3 

AP j^Jl ^JUj ;3Xi3-i j tl/^J .Ay>.Jali<* aJL^jj 5jL*-Jl (3 3JJi ♦ >3^1 i^J <J,N1 

(3 a1v5 ^p 3l j»1Jp a^a\ yi ^ ^ iS _^~* - -* 3 0jL~Jl ^i lil a 1>15^ A-^aaJl aJL/3 

lLLIp 4 Black Hills 31 J-^ L*xp j c2Jj jL-J aJ^I ap ^Ji jl»x^ South Dakota a^x 

.(UXu^aJ jt 4kJ ^)1 jlx^Ml Sjj. ^UJ jtpr) (Clinometers) 




aT ji - lj a jillj Oi=£ll Jl J^aij! 



* 



1 0 m/s l*>i 




20 m/s 






j nIMlj jliJ 5 (JuaJ (Js 



M ~hh+" <- 



H — i — $ — f 



nun 



a 






I 

x 



(-+ 



/ 

I M i- 



.jjjUI Jc (Cj <B j <A) J-tfi iltfi ij4-J cj *b j *a :(6~7) jS-AJt 



* J- 



Lljjjl ji (* - -*■ - ~ll) d^Lftl^-l i^JLj oL^'yi ^.c 

l* ^ j 4d jjO ( J-1 ^jA (JjS/l S'* ^ J** JJ^ ipL-Jl jute' 4 

(6-7) (j {£ jL-J ,<ju jJslJI i j^\jyJ^\y j*>-^1\ ^Ua-Jl J > /i Aj 

<3 UjjJl <^p <45 j l120j <.90 Lj yij cj cbj 4a i* — *^*>0 

Jp- ;<>- jj 45 j 4(330 jt) — 30j 4 O <Jlj>- 

V 

j*Jlj <J jiail LI jj J iL 4-5 ** jA -j* ^Lu^H ^ ^Lt-i <jj^i — j 

.ip j— Jl OuM d-jUbl^V djLi^U jljl^^/lj p-JLSJl ^ 1 Lljj jl ijjLa— Jl 



^jlualt 



<3 JLp <1)1 - L* ^ >—> r ip j^itj j — ft ^ ^L- — zi! 

<JjA* ^Lp) *L>-ljJl JLaJI j 3 *■“ * ^ -L>ki^ 0 ^ 4 . .L^ — (3 j — **> jl (3 j — ^ jl ip j- 

.ip j*-Jl ^Lt^ tiT l>li ;(pLoa J l (3) ^Luf 4 j^Aj j jl (^ix— > 4^ jZ...< <3) { ji^ LfU . <3 jl (^ JSt.m — * 

l^JJS <1j JL^ <1)1 AjJ^viaJ\j 44 — Jti ^-1 ip iL^L <1)L>-^1 ( _y^H (3 lLj. 



Jl 



UL 




wad t ogt 




^Iau ^ jl . ./itt 

<-£ j£~, Li y*ji^ L~jJb oLj>-S/I y* * * (Jj ^ ^ UJl aJj y!& ^f-Ju ,<aPIxZ* lM 

(< 

.3 ( Jj> ^aj ^p 3 i-j jj£ Li jAjj ^Jl 3 jLp cLiaj M .Ji> ^L* 

J^J') m/s 25 L^uJj otf ap ^J! jl ^ ^ii! c^Lp- jj J? ^-J cJlS" ^Ji 3 jl~ Jl Jti* J 

^|j LjAx. i l ^* ^ g Lp I' jUmJ U-Lp *p ^-J l .((7- 7) 

lil .(^IjljS/I ^jUj ^ ^Jl li-A (j iiJJi 4 jJj ^ 1 p 3 J-Iiil ^-iP ^ p-P^i' L 5 ^) ^ ^ J>! & j' 

#■ 

jwJ ^JJl aL4^i lij ^jL^ill jyio tabjJ l^p j Ji j& ^ « jL-Jl c Sl5" 

^ c j L— -w^ d^Lfc**Jl ^ gA<w>^v ^cj lixl 1 ^ ^Lp f - * ■** -^ ^ 1' 

.SjL^Ji jwJ ^Ui! aU^fl J! 

^jL~J <**> jA J 4jc»M 4j*/j t (7-7) £W?j-> . ^ g ■.<» IT L* J ^ jL^lli 4x2*1 y^ jJ /j — !xx 

j tX 5 j>w5j^ i?Ldj . m/s 25 c 5 ^L*j oC i y*^ A &J** Jj^ jg~ 2> 3jLv* 

•o^ Ji> ts^ 5 jW~J' jUmJ U-Lp ^ jL-Jl 2 *>Jl£ .zj cyj tx ^ iiiljii ^ jL-Jl 4x — 2-lj .Zj tY 

«< ^ * 

^5 aJoasS' j ^ jL-Jl ^Ii)Ljj y <Ja3.l) 1 L*Lc ^JaJi oj 














. ^jki! Jc- (zj ‘x) Jblij tli^j ^k ojLuJ Zj *yj ‘X jUau]I <iui1 l(7~"7) JSyill 

m y <laaal| ^ ^ jL»*u Jl^. jJ V <jfy ^ 1 * 2*11 jA y (jl Ja^V 







(0 jillj tSJb^Jl :^LJl J-aoJi 



c iLui^II 

*» 



jJLj Jj .(m/s 2 ) g s* UaJ colilL ydL> ^ jL~Jl 5JL ^ (SJ^ 

a jL~- dijJiJ 01 t j/5 ^lil Jli* ^ <u P& 4J{j j> L* .AjijJl ^ OJ — k 

Je> 'j*\ .m/s 26.8 L > Jb mi/h 60.0 <p ^~J l .01 ^ 5 j 60 Jl 0 j-* ap^ >~il 

^ <j m/s 26.8 4P _^J cLUj-s^j ^>“ SjL^JIj <3*)Uaj^|l 4jaJ~ ^ OjLi ^ jL~Jl J-U> 01 

:^jL«i) 1 iL jb i-;L~j>- dJLSo: 1S1 

a - (26.8 m/s)/(5 s) = 5.36 m/s 2 

Sf 

• La^pv.. a^Lh. O l ^ L*jL) ^jl ~J l O^^j ^3 jgJ lj 

01 J*~ *jll p Jjj*. P* 5 jUi*. m/s 2 -5.36 J*- >41 ^jL^ll iLj—U 

.s 5.00 J mi/h 60.0 Ji 0.00 ^ jp *p 

04k bbJi^- .^ij^*** aJLS^” ^1p ^jukll ^Nl ^ jL~0l <LjI? (^W — ® ii j — ^-C 

(4-7) ^j^JJl <j ^w? ji! 5 jJLlI ^\Jla ^-bu jSo: 0 y» ^ — 41 jU — <L* 

5JLj^i? ^-LiJ (.accelerometer p <^*1-^1 14* <^>- "f^P — ; ^-L — L*" — ;*)! 

<j bJl ^3^1 <J j£j <■ jU-^-l <j ^P* L> j£ — 3l 

01 i_ - j£j c^ijLJI j >£■ dl^-lj dl^rl O^^j 01 ^jLv^jJl 

.^^ojUU d 4^5" bc4 jy f jJJj> .aIi^JI al4b Ur jbp A^tll AjI^JI ^ jL« — ill 

.^L-Sll ^UUJ Cub J Ibk^ (8-7) JSl^J! 



coti cOljil Jp oiiJ Ujup .j-iL* j>p ipM p Olj^ ^la>«^l j S3; 

^il A^jsfclll d jiJl OljAi 1-bA .Oljil 5jiS^ Jp JlS3l ^ 4P Ojl jj jl ^yajUl JaxQa J 

Jp oilJrl jo\J 01 .A^SUri ^ jL~J OjAlJkj ^P-b o yhljaj 0'j-il Jp 0JL-^r iLtT pp 

& 

^jl^Jl j tAJb$3lj ca jijl 01 .m/s 2 9.8 Ljyu jLJ.1 j Jp^U o^l ^jL-Jl joU j * S3l 

# # 

.L>y ^ L5" Ijbr SJsljI 



P ~ A ^ a avg 0 j$LJl 

ji; -q if* ^ or 4 1 m ^ip 



Al5^ ^>- 1 *^bj . w ? ?■ Ol ' J 

oJlS" aJlil aJufc Jbt} Ajl Jp j&\ .t 5 ^iJ 

I4jt^xll dJLA 



^ ^avg ^ ^ 



./ ^jjl c) V inst AJ^l AP^Jl ^PJU Lp^ .a L$J-j ‘oU ^ jL^il iL 01 Jlill 14 a J Joj — xil 

:Ju UT ^ jL*Jl iL^kj ^pj— Jl JxJ y J 




= at 




ijOisJl tbj-aJl : J jty <_jU 1 




jLuu]l 




m/s 2 £ jluuli 



JaA3 AjjjJall liiA ^joUAj ^iLiLa I (8“ 7) 

.Aiij S^ljL AjjJill 



( 9 - 7 ) liyu 

Olj .( 9 — 7 ) 3 y 4 1 *». ^ .11 jLlil Lj~U 01 ^Jp 

t — 4 4 ja>sJJl 3 ^4 p-~ortJJ C?| ns ^ 3^' ^ jLk-*l)l t» . 0l-£- jl— Ij 




( 9 - 7 ) J* 



0 /* iJu* j) .^^Jl £• c~>tf Jjw. atajJ cu»tf ,4 <^>^1 3 f j~* J>\ ^ 

t> a 

/+-. ** ^ ~l ^ J !.<■*» U jJl Jl^rl AajL*J1j ^llsl ^<«LP j**Z± ^ i jj ~> ~ 

LiilJJ .(m/s 2 1) AJUiL aJU]Ij 1 jj» ap^JI J-u* ibjj 31 fm/s 10 Jl 0 ^ Olji ^ — p 3 

** 

.a inst = 1 m/s 2 y> t = 4 s *Ji>AJl J ^ jl— Jl o£j 



( 10 - 7 ) U«u 

^j>\ JUI j ( 9 - 7 ) J^LiJl J .4 /^iL. -J jUill a avg J»- >Al ^ l_. 

?f= 8 sj,t/ = 2 s^ 



( 10 - 7 ) J* 

if 

o JUL j m/s 2 1 ^1 U~~* |JLiu $^&u» — * Ja >• — il 0^ c — jtf ^jL~ — Jl 

♦3 > *^ ^3 Oy^ 4 j O!^ 2 -^ ux tf aV g ~ 1 ni/s 

( 11 - 7 ) 4 JU 4 

AlT ^ p^Jr 3S 1 ' ^ jUJl jP of lit* .( 9 - 7 ) j£-i Il 3 Z? — ll — >Jb 

lJL 4 




t 



sry-ij ai&\ j^aiii 






V 




0 5 10 



.(13-7) Jjj (9-7) (>a J31— 11 ^u» j : (9 7) JiwJI 



(11-7) <> 

.<3^/1 ^ IJL-4 

(12-7) 3jL— 

Ojnst t ,j-*j J .(9~ 7) tj5 J 

?m/s 2 1 L jl— • B 45 =^' tj <-> 

(12-7) <> 

** { 

^ lL 4_Lw* 0 B ^^^Xaiw4aU ^vLaJs^ p— j-4xa>*-L 1 d j - -» ^ 1j ■■1 

s* s> * 0 

4S* j +~ Jt Ua^- tljoM .5 LS^ 4ja a i ^JL>- 

# * 

t = 6.3 S f J^' 5 -^a]| I ^il .(^) J> jj! £* ^>- 4 (v) 

(13-7) ^iyu 

A?w> jil p— Jrl ^ Jj^Lj .(9—7) jSs-iJl J5 (j c£ 

^jl~i)l Ujup f J p-~o*ll v jnst ^ l* . jLip^Ij B l> 

<1 

.m/s 1 lij 1 — a jnst J^l 




iaJ&Jt s-UjjjJt : JjSl' oUl 




(13-7) J* 

^ ^Ip a*aI ^yJl S ^.»Lc A^tA* I (12 — 7) aJL—J.1 <3 La-La?^ 1 ^ ■- a> aJaaJ) ~— ■ 

* * * 

<^aJ I I yl .(v) £-* j^>- LSil lk>- jL*Jl dl^lj ^ jl .^4 Li 

•Vjnst = 3-0 m/s Jl y- UtS'j Jldl 1-La j j-LJ .v j_y*M ^ 

^£jaJl ^ Ojjaj 

J! J^\ dJu*> j <_$ OlS^ ^>- ^ip <^1^3 Aj^j ^liaJ 

l*JLP 4>U Jtwaj ^Jl A^uli o! jjUil U jLxpI j Jyi ^iJi dX» Jl>-L' 'y ./y jjl j ^JLaJl j 

. A^oL>r (J ^Jt>- 2> J •^CS' jl {£. cl^lp ^w»<Ji C*»> ^IAj 

JjVi ojjfj o^ji^ 

(3 Aili tA*ArjLp o jjij ^y^yCj jl _j 1 0 ^x-p aJU- j 3 OlT lil (1) iOIiJIa- O^jLa^ J-L — A- 

aS" j - - AiU tA-ArjLp- A ^aJ 1 J f, A ♦ jg* j A AP^-w .ij^ApJJ .» . - jlp ^ iSl (2) A )L>- 

.ip^-Jl A -LA 

^^1011 (jj jju (2)^13 

aL _ yi» aL£I aJI» F I^Ij _ yl» A_yiJ (^1 ji-jL&l) m a±T \ — • — *- J» — «J lil 

# 

2 aJIJI Aw.A.A^aiJ lii J AJliib jlLL^) q ^jLaaxJI 

a = F/m 



y* AijvaJi aJiJ> 4 a31 



F = ma 



4 »^.xa il --^3 1 c A*pljtA>< Jj-P 

F - ma 

£iO (jJjjU (j^3 

A_yi p4 *>^r jjl lij t(^ jA 1 -! oU^J .aL^^II (3 A—S”L*jj jtjLSil (3 j Ja* Aj J *i ( J 52) 

.(F d j^Ll — F Lg-pi-*Ai< 6jji) A ^ Oli F 

(14-7) AJLaa 

,ju aLaa)I J a jjac^aj m = 10,500 (1.0500 x 10 4 ) kg aJUa — s iui — ^ ( j> J — 

aL> ao>- .JUjJI aU aL4u ajs^ F = 100,000 (1.0000 x 10 5 )N VUJi ijii vTl/Jl 

.^jLwAA^ji ^ijt *1 dl>“ij 




'a? ji~\j 



(14~7) J* 

P % y&\ 5l y& <j jyli <j ULL* Oj^Sliil *0 



:^jL*Jl a! ^ Jw- m a153i joi ytj 



a = F//n 

= 1.0000 x 1 0 5 /l .0500 x 10 4 
= 9.5238 m/s 2 

a*^- tF d ^JiJl A**oij ^a 5JL1-I oIa <J5 ft ^1x0 0 

^jUmj ^JlJIj c^j/’jS/I 4-jiUri ^ jL*J £jA ( JJLa> j*w?\ 11a 01 Ja^*^ 

4-jiL?r y. ^4lj 4jls"^ aOLOaaJI a*S" jil oIa j xJ^w* toll^ «m/s 9.8 

cr^ 

( 5 - 7 ) <iut4 

jjwb litl f-tOaiJl <j p-JLu~» Jai£ ^jlj a JLt 01 Vl (jy> Oji LaJ Ia3j 

(5-7) J* 

^jl yJi}\ 5JUaP £> o_^a3l ajlA Oj\j£ d-Li» Lg-ptxO JjU^ S^aJ jl ^* jsJI y> ^ *sj 

£^LxO j^CJ /^SsJj cLj ^Aj oLj .j^JjS/1 J y* 4P , i^^Alwww* JflL? 1 ^J3 j 4j I J jl £■ 

^*aJ 1 t^oL^xll A>«-Jj Li /^Jl d y}\ t _ - . - ^ » Lajl^ S>J&\ AP 




J^Lio aJLlO <JU c 



5 ^Ix^j aJj ^A 1* .4^3 



* C^>rl ISl dJL*- 4^>rwJl 0 . dj JtiP J-sAaJI iJlA <j ^yaJl J P 

.^bSJI 5jLi (Jj 4 j jl 01 Ldp 

LS*^- u 5 ^' -^b • 1 
• r* r*>-^ *^b (3-) 

,<Jli3lj JL* f\ ji> j[S* Jb-lj (b) 

•£y ^3 (c) 

*£; -/* F* ^3 (d) 

^ . 4 _il ji a^«JLj m/s 1.0 UjlJi^ ol? kg 19 L^J 515" .2 

^ .5:^» _k>- *i yli 5153 1 01 Jfi J* 1 ?c-Jl jil aJI y aUaJ 5l53l Oil 

•o 5 ^ 19 (a) 






i.Ui=Jt tbjsfljl : J otjl 



■J> # 0.053 (b) 

■j# 1 (c) 

•J>j* 0 ( d ) 

* t 

oLS" y* ap^-JI .3 

.oU-lj aL jb (a) 
.4 JLTj ap ( b) 

■ ikr Ju' j (C) 
■u'jj *Ar- (d) 

3.00 r* rL ^~ b5.*f .m/s 2 9.81 ^ v 1 >*Jb isjilJs-l £_ jL«j .4 

fs 2.00 ^ a*UJ U t JIp ^Uj j! ja kg 

.m 6.00 (a) 

.m 29.4 (b) 

.m 19.6 (c) 

.m 58.8 (d) 

y*p- ^Jl ajLJJ ^ t« .Jaii kg 1.00 c£jL~°" 4 J' <--> jkil j**- 0? Jp p>\ .5 

fs 2.00 J 

.m 2.00 (a) 

.m 19.6 (b) 

.m 29.4 (c) 

.m 9.8 (d) 

?oL*«i ijPj^ o at y ^ CP^Jz .6 

^ (^) 

dy- OljjjJ' j* yJA\ (b) 

(c) 

.^m^mII , Js- j < ft! ' a . ..^ . ^ 

ja 2j^jl J-Ui .7 

• 4 ^b <jjj (a) 

Jjj (b) 
•Cr*jj (C) 




aT c5 ja 1\j ca!s£)1 



.LpU-i I C~~J Jb*r^j \ (d) 

^ o aiJ .c-jjUJl ojii lJw?j dJjt ^ .j^ 5 v jb .8 

j! dJJj .fU^U £jy& LiJUP £*-\y *lil j j *Llt iju** j 

• oosi ( a ) 
j^U (b) 

• cJliil 0^15 (C) 

.4lxS^ Ojj^ b)l (d) 

<JV-Vj ^UJtJl t\£\ UMJ O^*- *^ ai .9 

.eJM j^-'yi bljJj J^UJI ^jA-vaj! Ujj (a) 

,AP r Jlj 4iL*Al (b) 

.AiUilj ^>11 (c) 

(d) 

# ^ J A 

Lr^> ^j jl? ^jLp d^LJLil f.Ljl lj j^-b d. c^Ja^* ^l«w* j ibLiJi *L jl.10 

^jUJI 

.aS" y^lil a jLwJl al4b (a) 

. 4 ^ a jLwJl aS”” ^>- dL*^ ^^a^nju (b) 

.a jl~Jl *S" ^>- dl4l ^Js- Aji j-*Ip Ajjlj J3 j (C) 

.jk^> -oi j^- (d) 





A^UalujVI j tAiUaltj 



JLp . IjLL’j VT j>- <LaS' aT j>cj* aJlT jT) .aT j>*A\ ^L-os-Sfl ll jLm JJUlTJJ ;1- 

g. b 1 A***!^^ [_v2-j2-}t i«XA L.L^>> . ^ .>4n^ JT AiOflJ^^ aS”** A^ a J ?** *** t i .^?l 

vshJt ^Ua$ 

siSMlIiiP^ 

t(kg) fl jP^lTJI ^A aJLTJJ A^LaJI dJb-jJi .AiP^~o Ajj^A* j^Jrl aLT ^A aT j 

^ 2 * - ft jP^JL^Jb aT yU a-^T aL yh j* j^cil ^ J*r- -(m/s) AJliJb r* ^a ap^~JL a^LaJI iJ&~ jiSj 
aT yU jU c5 ojUiL* J^bu iiJjZ a p^o Jyo b* p— os- aJL: — 5" oabjl bl . (kg.m/s) ** Jidb 

*li ^ 5 « jlwti* J^bu AP^~Ji Cobjl bl .oC AP^^Jl pUj ^1 ^il ^Js> dlb j c5 « jUa* J>U* ibjj 

.5 djljX* LLajI .ibjj aT A^ aT C^t 

.-. ‘- ’?..'/ -.’ • " ’ " -' ’ ■ '• .'. 1 . 

1 ' ■ * ’ 5 1 . ' 1 ’■ ,.o - ; ’ • 

^ldLyy£ AS jaJS 4 oaS 

jls JUbj .(ft ^p^L^JL) w p— Jr I vilb aLT ulj c(AJbib jilb) v U p-~?r ap ^ 

‘bajfc^L? ^j»v£?b>“ ^A p 

p~mv 

.aL ^ kli juji£ j d b4v» juji£ <■ JSLiu *T . aJL.IT WJi diJi £&£ V 
j^r«->- aT j>- <^*£' jl) . obrVlj ap j~J\ aJ^Jj ajLiTJi ap j+*> jLip^b Ji>-b jl LJb A>f {£*& M A J 

^ jikj kg-2 a^LT ^ j!b j?xs*- aT a^T jp AiJbji aJ ^ sJl jJbJbb ^ jJoj kg-2 <tT 








0 0 

ji Lu^c caS" <L^ 5*" ^UU. Jl*i p j cAPj^Jl Ji*i v £^JuJ .(aJLjJI ^Jjiib 

p = m\ 

; 0*>bj (j jJaJl c^-^i 3*J y>^* y~*r a 5" y>- ^*5^ yc3 jl v^Sor 

Jrl aIiT • 

^—-*<3^1 AP j+# ® 

^—3-1 a5" j>- aUJ Jj ^Ju • 

.AP^Jl J ^ r ; *3 r .* JUbj iiJliil j ^iJl jLu?-^l Up^ 

jLlP^/b J-P-UJ ^^Jl ^.ju 3 jaflil 3 jl 4 j juJ A;.i.-> Ji* cb* aIiS*" J-* iU 

j a .. aI I ^jp L - -fl-li5^- ^bcUu aujL-«J1 ap ^p «**« > C!.« y^J _}1 A*dl^ 4 a ° j 

aJLP Jj>tjj Ajl JjU .^PjjL^aJl ii ^^1 jj^-bb AJLjL-JI a JLft ^ip F 0 ^3 fil3b As?*JL_jj 

j£ %. ** 

<Jl > j taJulju* APj— j*iv>u 4_*S^ ^ii a^UJ a*- y» obT yM aJU* JL>-1 j| ^LoiJl A-ul- 3 olS^ 

jjft Cf y^ F* b^pbx-u a^JL a-jU / ajJ ui ^^1 3*^-1?^ ^ ^r lij .a-S^ ^ il al3l c^lS"' 

<* 

^3-jl ,^3-Jb Lajlp F/ y J-^>L>- ^pi*^ 131 t((l — 8) J5 A^bJl aIit x^l 3 ^ 

:(kg.m/s) AJliilj /-f'> a^p J j*£Jl ^ yJl ^3 _/-b a] y Jj t^UU, 

I = F/ 

<* * 

3 AcP jjL^aJl ois" j£-\ lJjLa Aj| ^W?ij iiUi jl . AP j^S\ 3 1 £-3*-^! 

:a ^jl—3l j cF « jiJl j c/w aI^JL AiJbci' j ^LJl J-^aJl 3 «^jl j^' AjwaJl j5"Jj UUoij! *^L*> 

F = ma 

J^aJ- .^Jl a]jU^. j F j ma <jHy&. 

I = (ma)/ 

^.l ./a all AJLuL^ AP jl ^I3l -^j^jJl dJ->- AP J— Jl ^btJl* ^xj y ^jLjl jl j^/l ^ Jj 

t4i^bbl JliP ob" a y jJjj ^ jjUJl i yM jl ^^l ^ .A3*>lkjl -Uj V 2 J ^ jjU^aJl 3*>Uajl JJ V! 

a = (v 2 - \ } )/t 

^JS' J-s^>uJ AiLJl AJ^btll 3 A* : flH dJLA jl ^SsJT 

I = m[(v 2 - Vj)//]/ = my 2 - my { 

.aS" ^ b-1 A-^o-S^ jb— * xjjJl jl 1J-*J 

;5 $ * 

A^-j b^\ 1 SI OjI-A^- y AIP JUP ^3-Jl /^P . A-j ^j^*Jl f.bj i JjJl 3 b»L& U^jU Ll^-AIU 1 J flj 

A-^J y >- T AjI ^^ip ^jJb ^Ju jl jjb^. .AS" y>- A^S 4j 15^ j t(kg.m/S) AjbJb ^-^I^PjJL^Jb 




ipiku/ii j <aiui j 4 j—it j ,ar y-i LjS j*od)i 






jS~\ p IjcJiJl 5L yb ^r . ., aj 01 J*S. .p 0 j\ j^-\ ^\jJm j bJCj i L* j** 

ja jr oi jt ^ u^-j c y^f y 





. (*Lja2 A nfl > ii t<lUJI a^A 

(1-8) il— 

lJu*> ^JLp Jjj . JUjJl dl4b m/s 50 4^j— o ii^^d kg 2.0 <xbS" U— ^ jl ^ ^A! 

^jJl y> L. ii *Jb£il tm/s 25 J>! *Jb£il ^k-A ^ 4^*0 

?*S" ^J-l 4-^S" j ^iii! \jjt jg, 

(1-8) J* 

:4JLu^l ^U-ij iLS3l J-^U- ^ p, iJ^sV' iS" _/J-t s_jf dij 

P! = 2.0 kg x 50 m/s = 100 kg.m/s 




4*u J&Jl oUi 




: aJ t$Jl ap^JI ^U-io aJj^JI ^ ^ J^b- ^ p 2 aS" yi-i A^*i" .JU-iJl ol^U 

p 2 = 2.0 kg x 25 m/s = 50 kg.m/s 

:p 2 — pi aS" yJ~l A^jf j OswJlj .JU-iJl al4lj 

p 2 - Pi = 50 kg.m/s - 100 kg.m/s = -50 kg.m/s 
t * 

<^Si j* ^ijJl jl Lc. .<-> yJr\ ol4b kg.m/s 50 ^ L*k> ^ jL-j oJi * j .jU-iJl al 4b 

yJ~\ ol4b kg.m/s 50 jl~J ^jjJl a»J> jli b*_oJb caS" ^ 1 vjf j Jiili 

J JC All j)oj A^jjJ jj* JjJ al4b -x aL jlajl b ^U^Jl jl . jjSy y Aa*~Jl aJl* ^ 

tli-fc wLP . aJL>< aJjJ? ^Jp ^Jl JjI—JJ jsjo (J5 J <cr rull dL—^-Vl 

. aL jjaU AilUii a^aJI Jlp JaJb ob^l ^^^pI 



^lAkuaVI 

L«j&IjL*w* cL»^j2*J a^muJIj A...^i aS" j>~ Lj&^ ^jplanJl jL«^ pJaj^j L*Jj — P 

.^IjJav^l c-^bdl C-i jJl (j 

•* ^ •> #* 

A£ J2u\ 4 jla£ A-U J4/14 

J 

I g < * S i Jji Ajjl^Jl AS" ^J-l A-^i" j^i ( ASJJ-/ 4*Jj»^L* l)jJ& Jl bbl-xl 

Jbll fUaJl J N . Ull* flMJ! jir bl ^lak^V 1 jis V .fUkv^i aT>I A^-*5" 

jl aLS"* J>-jlj ^1 bj ^LjiJJ aJSsJI aS" y^-\ A>jf ^Jtij ^ j y^Sfl ^a*a^*I ^ L*Jl j *& I jj jl ^il^i>-l 



.dJjUj>r 



Jj lfl A) Jali ^ J ^ y£- /^Jl ,■» la J l ^Jp aS" yi-l Aj>* 5 ^ A*j ^ . / a ^ jjjlj .i jfl . J V 

^•UlZ/ J j jjliil ^^$0 j .Aplil -LaLSjJl jl j*L^rMl JJ* ^JLP ij\ (£ ^ll |JaJl Uajl jl! iJ 

.^Ualil jr 4 tob Aji AjlSsJl aIiSsJI (^JJl ^UiJl C^l Lfjflill 

lit ^ ^ili olJb- ^! ^1>J 1 bl C^L^JI UiA J iJpUi j^l ^ .fU j^pV c-^ldl cJ j)l AJl 

aJL jla J i^l ^PjJL^iU Aa^“'>Ul Ali>Vl l 5 Jl^Jl j tuJll-U .(SI) Jj^l ^UaJl j *J 6^J ^■ 

cJl 5" bl i^l ^3^1 Ula iUipl ^Jp .AJliilj fl ^ p JL^ ib a5" ^-1 oL5" j j.. xlb ap^— ll 

^ . l^JbAJLw-l ^>*1 C^lJb- J JUJL^- ^?r bl c^JaJLj .'bljl J^IaJI A»Lft AJLgjJl C^|JL>- j— ll 

^ # 

A^t*Xj J bjb Aftil olJL>- jJl j jl *■_ - .d^ljb*fci"l »AJP J JL j>- 

L5^ y 

AajIII ^IuaVI 

L5^ Vj l)IS^ Lltl2^l\ *(2 — 8) 








jU^ j Ll ^ ^ S/ ^ ci^LaI^-Ij jLg_*ijj U-$iS 3 j c Iia ^v>«- 1/9 ^p \ 2 j Vj ap^^JI 

t£ jL-J m, aiL 5 " ^Jiil osJJ aS" yU a~*S" jl jb\ Jbil lJub j (I) J pUl?.^l 4 Jl>- J 

.p 2 = w 2 v 2 m 2 AibS" c^iJl p-~*bL! aS" yU a^S ^ tp 1 = m x \ x 




1 

1 Allla^o Ajtjujl C&J aJjS. 1 <03 \*t (_)^] tjU.jl (jl Aua ^ 1^2“ 8) tJiuJI 

. llax^aV l A*j ^jU^aJI ^ l_i^ .Lo^jJaxj {ja (jbjufij LoAj 

4> 

c.«S" ji.! j%«h*o l-Ua-^^l ^ Jj»j ,lm* id^rl l j 1 ^ g >»*.i _ *&\ c(^) I*-*-* — SJ\ <j 

Cd*AjUjb| <S" A-^S" p ^P*Aj .A^JIAi'VI AP^wJl 4 jlJ* ^ ^jp i_ a b^- y .AjtAj?«* 4P «t> i 

.AJUtf>^/l AS" j^-\ C^L* 5 " 

p = m x \ x + w 2 v 2 

ict-UJLi .m { + m 2 ^Jb^Jl J*£ v ^IgJ! ap^-J! £^U-i juo^ j^j:_ 

P = (™i + m 2 )\ 
v = p/(w 1 + m 2 ) 

isi ijA» fL-Jfl 

tV 2J V 1 J ^ S ^-3 Lm 2 J W 1 Oj .( 3 - 8 ) j£iJl J j'Vt 

« l » ^ A^ws^il 1 o g . ^ J j tlx* jjp V2J V| 0| , 







^jjl aS~ ji^\ jj . yi\ Jliil \jj* ^ja (1) *JiJl 3 ^IjJa-^l 3JL>- <J jL«-**Jrl jj 

JUbj ,p 2 = /w 2 v 2 JJ c£jt~3 m 2 dbT ^JUI aS" yL| Aj^S" j ‘p { = /w^ jt-J /w } ai — L5" 

# 

\-^ „ .^ 3 *i Jjjj . Ajtil^- ^jA AS'jL&A Li-ft ^L.*«^rS/l 3 « l ^ « »Ai (2 — 8) aJI^- tiJJi 

JLp 




.Ailia-a Ac.^)*ja3l AjtJji <j£3j AjjIj Aij£ l <afl \a (J£J (^) l(3*”8) 3^"*^ 

. ^\ Jlia-L-aV 1 Ji*-J ^jl a xuaJi ( <a ? J ) '^*4 * ‘^* ) O* L)Wj^ j 



^Ju C£*]aJlj L*®llLxS^ |i . L».^ ^3 JU Ijjjlj |*—**A^ J 0 U»— mJt! 

0 y ULl liij t j>o aJl£J| a5" <u^£"* c/^vJ j .aS"" _^- l ^~*5" < j ^ 4 Ojjij ^lilljj (. ap j~Jt LpU — * i* 

.aS" yLl a-^S" a^j j^la 

.v 2a y* w 2 aIi 5JJ JbjJri a^j-mJI j v la y*> m x <b£U juj^L-I apj-JI £ jl Jpj :il 

^L-of^U ©JbJL^-l aS" 0 jSsJ JUL) j 
P la = ^lVia 

P2a = ^2V 2a 

«* 

44 ^* 3^5*" aJ j ■ ^ * 0 La) liai j 



Pi + P 2 “ Pla + P 2 a 



iPlku/tfl j tSSUaJl j j JS /■ I 2-S J^aiJl 



iU-Uj 



WjV, + m 2 \ 2 = OT,v la + m 2 \ 2a 

jlUJl J Jj»Ui .iJli. oNU (3-8)j (2-8) j jLi_J 

oUup c-itS" IjJ L-i liLc~» cJ«.L-J Lc.j ££:>Li.l ias y kJu La Si j sc yll olJL 



JS' _j1 ((2-8) J) yJ' y j' jj-s J] s-JkA j ylt ^l-Ja — 

Sjlaic* LjLL«>. c^OLai-l 1 UJl (3 OXL kisJkskyw 1 .((3-8) 3) L — [S' — * 

.(•Ujics'il oIJLp 3 JA y jljyi c£y£ ^ 4jfj aJL* aJL» of Lws yil .jv^” j£-w 



(2-8) *JLu 



,L J-— U JOT A^w- Jp j-ycJJ ^^ujLj A jj^« aJ jJLjJ Ajl ^Xil 



kg 2.50 £-Lj a+ 5" # jliai U .m/s 0.250 ap U yi iiy*oj kg 1.60 aLS" ^ J — laiU 

sK 

UilT yt S^ai. 3 ol > J ji jLkaJl oai. 3 y -m/s 0.500 ip j— j L^ — p ilj — j 
*)l£>.\l 01 J > >1 ylak^>U Jl!ui OljUaiJl .t^alJb-jl Jl L* V2X*J 1 ^ Al)^ ysl *V Cc~^-; 

L» .ol5" Jl yP fijwLoJl J-mAAj ^|jja*s\i A^ii- 3 C~*3 jJjl y? Jlj tO*>b**il J3^~ Jp 

<k f 

.AI^w yP jlja* c£l ^jy*- {jPj^ jlj ad li djj AP^**> ( ^4> 

(2-8) J* 

* * " * 
Of jCj^ Lp^ .jljl l5 1p AW b j m a oljUaiJl ^^JbT 1^» ,jUa5 J5" a 5" ^ ^5" — ?0 cNj' 

^jIp ^j^axJl \ w g .y*; Loj&Sl .e— JLc* ^ <j dl — ^-1 

<0 f 

.v b y B jUaiilSp ^ ^UJL J v a ^4 jUaill ap^ JiuJ Lp^ .(a^LJi J 

j j5j .V b = -0.500 m/sj tv a = +0.250 m/sj tm b = 2.50 kgj tAw a = 1.60 kg of l — *.j 

Jl yli ^Lp a 5" yL| 1x^5" 
♦* 



p a = m a v a = (l .60 kg)(+ 0.250 m/s) = +0.400 kg.m/s 
p b = m b v b = (2.50 kg)(-0.500 m/s) = -1 .25 kg.m/s 

a5 " jiA ^i^Jl ^ j^4l o^Ss di55J 

p = p a + p b = + 0.400 kg.m/s + (-1 .25 kg. m/s) 

= - 0.850 kg.m/s 

*tji l^Ju l$ aJ lBj A (jojUaiil { J^ ^ ^ aI?I~j Jl jliaili /w *k£j! j Jo" 

lAjioiJl ^IjJa^^/l aJo-P 

aw = A« a + m b = 1.60 kg + 2.50 kg = 4.10 kg 

J 4jU^ A$^ J-l A^kS^ jl J*-* .V ^ d,i W=i C^4ilj aJL^JI 4P ^k*Jl jyZ*j Up^ 

Ij jL-w* A-jL^jJl ap ^J l ^L*j( jj^j cjJ^5J . Jll» ^IjJsu^I JiU./a^l j^f t ^IjJayg^l a : Lc 




AjJLUsll c-jUi 






:m aLS^Ji ^Jp a* j~JL* p yb I a~JxJ 

v = p/m - (-0.850 kg. m/s)/ (4.10 kg) 

~ - 0.207 m/s 

.m/s 0.207 ap j—o oL^Lj ^IjOL^^I *a*j ii Jl jlUill jl gou IJL* j 

MJa^iLoJL JjLj (jUjL* 

i—jLLfcSl cti-taj obL*cbl C*>LL>-jil <jywaj j^/l <_£ j>r 4 Jj^l .4jubll J-J i t, £ jl y*l iiLjb 

#> 

Jl c^^Ji kg 4.10 kg.m/s 0.850 .^Up^b" l^u~i j oU>- Jl ^ y 

oU>- Jl Jp JLJ jl aJL *• 0 lil .(m/s) aJI^^ ^ J,J ci^Jj br AJtJl A*«-lJl ^ Jp jL&l jUal^l 
U aJI^JI AawJl j olJb- Jl jf ja o5"li5l Jblb j tl^ip :> J^l Jp 4obL*J~l j 
Uas- U I y\ *)L* jt Jbc~- 4(2-8) aJL^JJ aJL^JI a??wJI j (kg.m) ji* — Jp j Ulya>- J 

.AP ^Jl aIj jjaj dJL>- j jl AP ^Jl ol-X>- j oJL>- j — ^1 J- jJL^ jS/ 

<* £ £ £ 

4 <UpbuiJ! O L«.£) I A*^w*Jj u-J JL**P jl j^ 43 yu jl t. - -41 ^ jjl jlill j 1 

.^T IpUJ- LJb OrtjlJl j j£J*. . aL^JIS" 4A^JL- tAP^Jl jl aS^ J- l 



^ Sr' ^ V ^ -' V' ^ V 

JaiLil ^jaJl ^JbAJU. **JUkM J* jl bl ^ <y\y>r Jp J^- jl £3 j^_5 j j^bt. 



jSLc_ 



r 



Ajot 



J 



ji (^Lji) 

T-l ^1 c-jb^3l Ula yiv? c^Ul J,l ji tdJb A^-Jb Ai jiL* p-**Ui! oJLft jl bl .Aj jibil lJ ji.^jl 

.JjSfl J-^aiJl jo^S/l ^ wmx)| (J§ ^ jj^ ji«l IJIa ^b^l . AjtJj'i/l ^ yjpyA 

(3-8) ASU. 

Uaill .(2-8) (3 ^ ^ Aji ( j^s j£\ 

Ij jP j kg 1 .00 *dhr 5 jUaiJl .m/s 0.250 ^ *J j kg 2.00 ^ — tS' A 

,j\ 'i d J>j*\ ? r lJiWVi J.\ jUaiJl »l4t j ^ U .m/s 0.500 . 

,«Sw jUai 

-4 (3-8) <> 

.C_JL>* yiJl ob4lj C_^->- y» J ^jJl dl^l jl jyju Lpj . J'yll (jIp w b j w a ,U 

4 V a = +0.250 m/s 4 /w b = 1.00 kgj 4 m a = 2.00 kg jt Uj ,v b j v a ap ^J l a^I jpjj Lp^ 

Jl ji!l J* aT yll [ 1 ^ j jSC" ,v b = -0.500 m/s j 

Pa = w a v a = (2-00 kg) (+0.250 m/s) = +0.500 kg. m/s 
p b = m b v b = (1.00 kg) (-0.500 m/s) = -0.500 kg. m/s 




ciilkiij tJ-ojJij a~& 5** :^uli J./iaIi 



'JA ^SS ! f^yJ^\ iii 
p = p a + p b = + 0.500 kg. m/s + (-0.500 kg. m/s) 

= 0 kg. m/s 

IjoLo \ c B jUaiJl j ^ jUaiJl ^15" ^ ^ 2l? L^J rn <-S JlI jUaiJl 2jbS*" 01 

m = m & + m h = 2.00 kg + 1 .00 kg = 3.00 kg 
\m 2Jl$Ji 2l^Jl ^ p 2> ^JL« p aJ^JI a 5" yU a-^ 5" ^ jL*u y aJI^JI <p^J| ^L>lO 

v = p//w = (0 kg. m/s)/(3.00 kg) 

- 0 m/s 

* j t 

AjIJ-JI J§ 0-lii jJuj Ji .0 aJU- <J$ ^l<-Ufi«s^Nl Jbu ^1 jl laall 01 ^ — *j l.i ftj 

^Lg-lS"" ^1 Jbu I Oj^j 01 cJu^" t2JL^* 25""* 2^5*" CJ15" .' 

Jju OJJiTj JJ fUaJl lii aJ&! aT > 1 A^r o5 y> Jlj^Jl IJ ft ^—Ip 01 

j>-\ a 2JLLJ1 oN^lull ^ ^JaJl .^pljui jlJUL* 25*" Aj^S*" 01 _^5" JLJ ^l^iU.^^l 

Pa = w a v a = (2.00 kg)(+0.250 m/s) = +0.500 kg.m/s 
p b = m b \ b = (1.00 kg)(-0.500 m/s) = -0.500 kg.m/s 

£j^ 1 A^tyjxJij .al4^1 j 0b^5"ljcu 0 ^jLa> ^jUaiU a5 " jiA jb 0} 

<S 

.1 jL& t£j L*u ^ U ja u^ fl JJ 



J-a*J 

*> 

*ij jjk j^H\ iLi.^/1 . sJ-bi iiLj. i^-or j ft fl;j ,j J .» '! 

J^jJl ot .JUiUrl i ji ^-fbu J$Lj± i jJiU ("J5'" jt " oljjl") ijS Jl al^_£Jl oli f l- ^ 

J 

^ q 2iLJ. F L^L jb oji j-JaJ J^U- w jixJit 
w = Fq 

.(kg.m 2 /s 2 ) ^ y AJliJlj ^-^1 jLS" y^j cJ-^nD Aw-LiJl iwb- ^Jl (N.m) j 



.OI^p^ oL-T 2^1jVlj SyJl - 

A^O A>-lj^/lj 0 ^SJI Aiuii OS/ 



MjluSU ^Ja£J uj i jJaS J^aJl 

0V1 l^5"j — oS/ aL»15"~ a^jL-JI 2 » . . 1< o] 

2JU-1 aJ-A cJaJ-1 ^ 1-“^+ ^4* 



L^l • A-Jl ^1^" l£*^ 1 A-^lj^rl ^OaJl 01 AjLgJl 3 j^i 

a j 

l^J ^^9 j\ wLa*5*" 



w = F*q 




JuJLiisJl : Jjty oUl 




al4' ^Ab \j*\jl» ^U-i- cj_j c^JL^- dL^rl <3®^ cy I j-Xaa d j-iil ^Ui F o^ * ** - . **- 

«< 

Aa-is c (*) U* yj -ii>-*b/ A^^ii UiU qj F 0 UL 4 ' 0 jSo .^jl^ 
.kg.m 2 /s 2 j US' Aapty j? oIjl?- jf oV y^uli ^:>Uj' ^ ^jaJf 4*iSU <_> 

Jp J L£*Aj jb ^ j^> A?L~-j LuSoT t4*~ij oL4^\j Ot»iJ 5 jAl! j <L>Aj*) f ' 4 j* if 0? 1 111? 

* * i . * 

.IpUj* i _ r J J ^*JU j'JJL* 0u Jxa 5 /" JJ . ^w-jg^aJ' 4?rwii' 

f** jij 

4jL ^J aJl jl .4~J? j\! 4-jSbfJJ ^ifbc* jSsio Jp^U kg 1.0 'UbS' U~ Lxij LA J* ji 

.(Jau: ^ JJ-ij cilL^o?^' aj:jp 3 _^Jl of ^ yil) . JJ-lj 5 ^J\ ** y>A ^ iJJi j^a d 

. 3j>Oj£ 5JLA oJL^ 5 y (J^izj O' . JjLv'AJ dJtiJ J t£-^U c c y5j^' Jp cJlaj 0J >' Jpj 15 1 

4^ iJLply ji of iJbSo:.. .UJ *b4Mb dJbJb l*J 4y£ ^J! 4ja*Jl j 4^'j^' j 5 yll 4* if ***__; 

^Jrl *j ) ^ j*AJl J-<**j' J Ji UL*p UiJS Lf^ji ^ J t J->«A illi «.L jf ' — jUS j 

al^b JJA JLiJ iJjf y* yiJ j S-Li^i Jp JaiU- bP3 dUU 45 UA 

JjUj .((4-8) J^-iJi) ot»i> F « y ^Uij ^Jr\ ^^ip JjU-SO i-iJ' d y ^r J — £ 

b jUA\ 3 yll Ul ?U JuU ^Ji 3 yi\ j\Ma y* U .q 45 Uj:. ^1 cJ^JJ lili jlJL-JU. IpSU 

^jUj ^Uio m ^Jr' llyf ^ F g A-jSli-' 3y oi .SJL^Jl ^jSU- 3 y TUi 

5y J-J 2 ; ip-Jr' «j J .Ji-Su 5 m/s 2 9.8 L J6 a g j! ,a g Ai—iiUrl 

3 o«ij F = wa g = (9.8 m/s 2 )(1.0 kg) = 9.8 kg.m/s 2 = 9.8 N U ,JM» 

(4-8) 4jLu> 

L* .m 1,5 iiLJ. p— Jrl c-*i j kilif ^ .(4-8) ^ J^* jL^-^/L 

(4-8) J* 

^jUoj m = 1.0 kg ib^Jl v j*— Jrl JaJ 4a1u 1' F 3 j — aJ' cSjU- — J 

iJUtAJ 4^iil a g = 9.8 m/s 2 



F - /wa g = (1.0 kg)(9.8 m/s 2 ) = 9.8 kg*m/s^ 



^lg a O ' V)/ Q 1.5 m 45 UA d^3Ji dwU < « y i l_^ . 

:U-^llJLj ^ j^> lu^or c4*-ut5 qj F o' U .F*q 

w = Fq = (9.8 kg.m/s 2 ) (1 .5 m) 

= 14.7 kg*m 2 /s 2 

.Oy»U ^ o\Uju> joUU dSl 15 kg*m 2 /s 2 fijj j-U J\ OJJS oj y; 







Lit ^ylp L 4 j£sJcS\ ul ?iiJ-iJ^ ( _ ; *Jt lX^u jjp £> jA aJLJL g jA jj» — jf- jJ uS^ caA>- ^il $A> jAJ 

. J aJ i <_y^-/ 3 a>- jJ\ 6J-i i*— A pt jj i-lfl^l apL-j aS J^~ ^ yt — 1 

* 

3 1j*La dA^j jj& J j^rl ■ Lj jjti J 15 < J-***j *A~*i aJjj (4 8) AJt— *il 3 ^jl_^ll a** * *- ;1 L? 

A>-1 3 JJLl-vIjAj c*^-Laj bl ol y > j 0>l j>» j^So ,oL> c*1j j4^^J c^b^ jC llj 

, <J ji^-1 0 Aft 



ttUafl 

^jP ailp O^Jdl <A;Ap*A> . "iiUaJl ^jl’* ^jP *A-ij ^ < a -o~-- o . Jl$Lit oAkj AiUaii Apc-IjI — j 

jis jt O-U-j Lc.j jLitilj cf* A t 

.AJap* 1 ^jS^b JjLj djj-5^ Aj jl>- i Ail b^Ao ^ N Ajts " j jAj ?aJ AiUail J^t .4 ‘L*t tA— U-j 

J-o-aJIS^ AilUii ^ .^p- J^LAj L^j A iQaJl j^Jal c(AJ-bb ^£> V) jLi\ A*i C..U A»t bj cj — 

, " J-^aJL fUil Jp djAiJl 11 y* 4ilUll ol) jLu‘ Ap-1 c4jLjU- 1 3 . J ji-L 



<LUiJt Aiiyi 

a4p J^aj cq AiLwi /w aiLS" ^-**>r Aip .(4-8) J^AJl 3 W> jil libJJ c£ ^t a y* j — Jail 

. _L? jJL*JL» ^*ocJJ ^J-i-1 <A-lit ji ^Apw**^ L* . F o 

o! ^ .^> }i\ oiU-l Ji>- J UijL 11 Jt^>- *±JUij .m = 5 kg O' Jo > t 
,_j <jli u;..., jjj L^jj JL* t-j j)aJl jX*>- '— «<j •i—' jW y**^ > *S' 

4 

l Aw?j^yt pUoP t jl 4jli la yj itn 2 Ait—i. AlAij bl ilJ y& L^jU >-j 0^3 

A^IiMj aI^LA-* 4A>Aptl*^ t Jail .*tt ajS^ y j cm 4 jJaJl j^>cv>- C— aJj t A+~Ju **~> _^Jail y^->- AJj 

J jA>" 0 ■ l.j} A- ^ ^ j J 1 1 1 6 1 1 1 ^| j J > j^wOr Ll^I jl 4«i<<il i jS 1 Lj A*l il l P 

<A>jA>- (3 o! 

’'f-^AJl 1 ' Uu ^JU . J-.AJ ^Liil ^^Lp l jAUI 6 jliapl jP j (J Jp- U J — -t ill — 

F L^pLtA aLj^ 5y Lii> bl . wi J^aJI ^ ^iSLll ^aIL a^lSOi JlilUil . iL^lOl 4-^UJlf 
AilJflJl L> 'h m ’-' <*q L^pIaA aJL) A>LJl UlA £jj C^-AsjS 1 ! A*fi l*»JJ 



4 j» i i,<a 1 L £ LfcAiP 4A»l^3* 

« ■ " n 






j (3 Al>l5CJl AiliaJl A?- jJ ijt c ^lU LlAjLJ L*5^ i4^jil^Jl ^SUaJl J Jp jXa jwuJj Ail 

2il)ail .djL*Jl Aj jlia^S^ cA^jb L^>Lbl 3 bAjf AA»l^Jl 4iUail A>* jj .AaJj ^1 j3 

oAA j L^^5C“ J^-Jl ^ tj-J *£> jl_^ail ^yjj c ^^ l ra ll jUJlj — ^1 j ^ 

. JU JLp L^SO J .(4-8) J^IaJI 3 3 ^ 




iiJLtfsIl frUjjflJl : J kjUl 






(5-8) 

l*£i 4m 3.000 AiUi t kg 5.004 r ~±\ ibT oilT til .(4-8) J^iJl Jl Liti 
j! dlc£c. a g = 9.8067 m/s 2 5-jiLJt-t ^ jL-J *L of yzt\ ?ii*l£Jl iitWl Ah;... 

Ja^- { Js- f(-i JS” jV La <*-i^l 

(5-8) J* 

AjjitJrl (3 kg 5.004 “uL£” £» ki jJJail >jiS\ jjlxJ 01 i_ tVjl 




joaJu 1 4^1 j^n 



AajJcxaH S jaII aJUJI oIa .?>-VW^ A3Lu4a 1 a ^nlaj -lie- Jja-L&II Ja*J1 1^4” 8) J&mJI 

• i_y° jjO l )" 5 '»j (jk- 



F = ma g = (5.004 kg)(9.8067 m/s 2 ) = 49.0727268 N 

lA^-lj^L o ^iJt v_^ ^a\>~ A^lSsJ'i Ailiajl 

Ep = Fq = (49.0727268 N)(3.000 m) = 147.2181804 J 





APllas-^lj ctilUtj tJ**Jlj tiT jb~\ <gs£ : 



.l»U ^liji ajujI ob iij JiSli oliL> 0^ liU ^ ijl 3 



*j 



.£ p = 147. 2J JiJii 



ijSjaJI iiUall 

oils 6 iiL«l jj t (4-8) ^ l - i j Jrt oi 

(JjjjJ- tiilj -*-* i*s/jt ?< j%— Jrl Joi-j L:l»l liL. .£ 

t * 

(J j>iS1*m iUJlj .^UaJjVl 6AP — Zj iiLii-l Jii i.Ljl> .^OaujMl JLlp *JL! (J >j’>' — i 

*> u -jj ‘^j 1 4^J| jJ>-} (^1 L^JL«1^j i^j ^Jl A^-l) AJ,_^y_Sv_S I ^.^-1 4^_|Q? 

. A^6*jS/l cUaP ojL^JJ d jJljaJi ^Jo dll 4^rjL>- 

iSUail C)^3 .ija^- £ 3 d ^Ll« p-— ^l)aJjl ( J- — * 4 — ilJ-L 0^1 j — 

A>UaJl dJLfc JS" A .:.- ji jil AltJaU Aj jL~^» 4ja>JL11 a Ju& 3 jt— Lg^xJLc. A-S ^ ^ =M 

j^~\ AiUaJi .^l)ajjl aJLJ^ (^1 (J j>*Sj <S j^~\ 

E k = Fq = ma g q = 9.8 mq 

ibS” m t(i* jJuJl iiL*> JULj) t$Jl ^ij ^ ^Jl iiL~ll ^ tiijail a j ijl F 0] *!*-*— >- 

Ob J! tm/s 2 9.8 a>( l5 1p £ g ^ o-L>^ ^ .A*obL-i £jL~ ; a g j — A-t 

•6y*L* 

m ibT LA ^Jlj i5" ^L-j>rSU ^ jo-jdLI ci ^>-5 aJL )a llL* 

E k = mv 7 /2 

tip j— .5 ap v OJ <^-£>- 

.^iXJJJ A>-1>- V A^)^]a-^1 J-LP p A-jV^ Ip c-jL^- ^L-Jl J v9 tJ J— J \\ 

iil^Jl — AP^-Ji Aiw5 61 . (4-8) (J d^jljjl Ai-^oJl i-5^ j^-l Ailjal] Xk^> L j jj 

j^l ^ Cs?" ^ J>^ ^ 

mj iil^JU (/W ^ ^>-) 7W ^ j-U t_L)jt .lift ^ 

.jJJ^ J*aj V iaJi^ j\ j*JLi V <J\ .jll^U (m j^P <-J * j^“) 

n>4 

.m 4.0 iiLJi j Jrl 61j c/w = 1.0 kg Jrl ili£" 6^ ^ .(4—8) Jl ijU jlp 

. i>-ij|/d £ iij jiaJ Liij 4 < j^»jSfb A>lJajj\ L* 2jaJ- (j L^jlLj ^\ aJ? ji-\ iiUajl ^Jj>- 

.o^U-l ^ jL-j i^J ta g m/s 2 9.8 

(6-8) J* 

:6J1aJ .a g = 9.8 m/s 2 j itn= 1.0 kg 6i 6^ ^ = wa g ^ Ai*^ai3 Uij ^-LJ-I 




?.b j-ilt : JjSll 



E k = 1 .0 kg x 9.8 m/s 2 x 4.0 m 
= 39.2 kg*m 2 /s 2 = 39.2 J 

.E k = 39 J E k l_-j JU JUib J tuy*U ^ U JpJlU A*J J5" O-lapf 

( 7 - 8 ) < L*a 

ollaJ jl l* aJsJ- ^ A-£" AjUaJi .(6—8) aJL- 11 0$ Jbi — ii <j 

\ ^ .<* A ) A**uJj 3^JL> bbb 01 j>' .AP j+* j 4. 1*5^" ^ ^ 



.(6-8) Ajt~il j oJbw*dl aa ^J ailS" L*li 

(7-8) J* 

(^OJl f-1 viJ3^ 1 . - 1 ja - j A^Ubujl 1 aS"* j>- AP c-^Lfc**^ b— — & aJu — ^-1 

* # 

.*>Uj Jjf <uS3 j U*V> OJbi .flijSfl (iJUS J .c-»l ysj fijp Jj dll^ 
jl £*LJl ^yaiJl .J*^iL-JJ p-~oM ^Jl aJdl p-fii Lp.3 



<1 = <* avg 



( L H 



g 



a avg JU~.I U ^.jll /J ^jLJl a avg _) <7 ^ 

Ajirl*. lil Lu ^ JT , ^jl d ’ " Iaj !3 4 jS() • J^i ^ jL- j OS/ a 

> J 3 

* = ( V «/ 

= [(2 x 4.0 m)/(9.8 m/s 2 )] 54 



y 2 



- ti 



* -*l 
AjI 



= (8.0 mx 0.102 s 2 /m) 

jiic. b^o? oil "?s 2 /m jM ojf jjf ^ ?a g ^ jbdl J*i; 131 — * ". J j — * 

L^p a**jT* cp^JLa* L* jjp .L^mAi a g Aa^. ^x Ji ^ 1p a^ i «*s fl i l ^jjb*j t ^0 l ^ ^^g 

t * t 

j^\ .s 2 /m "fi«A>- jJl" c-Jl Lla .UxjI dJL>- jJl cp ^1a* ^J&cu * J 01 iwjf' caJj>-jJl aJ^ 1 Jj 

t = (8.0 m x 0.102 s 2 /m) /2 
= 0.816 m*s 2 /m)^ 

= (0.816 s 2 )’ /! = 0.9033 s 

oN _pJ.l _j oljj- _jJl jL^s-l 0^“- V' <Sj—i >. 

-bjil fr l ^rl b> -uSi s 0.9033 a^aJl Jj-b 2 V LPi .L< — m JLp JlP (1 3JbJl) dJb- J 

.<obL*^0 ^jA 

t J+j Jlj tflf ^ jbuJij cVj nst aJ^/ 1 AP <0y A#%^1 Ai^ ^LJl J-yAjjJi ^ OSh J -b" 

. t ,Z »^b (J»XaC. ^ jLmJ 








:/_j a g . jjUJi 3 ur a g ^jL^iJLj JlJui^l La Ll£jt 

Viast = (9.8 m/s 2 ) (0.9033 s) 

= 8.85234 m/s 

3 d3_A jjJc*** . U^IwLpI 3 LI^sA>- a a +a>- <J _^“ ( 3 ^* 

OVl |JL*j . /ft J Vyjg! aJV^ £k OjlLj d j-JLJ j>-\ f.\ y>r\ i? *x>r Jj 

dAJJJ .m = 1 .0 kgj = 8.85234 m/s ol 

4 = mv,Jl2 

= (1 .0 kg) (8.85234 m/s) 2 /2 
= (78.3639 kg*m 2 /s 2 )/2 
= 39.18195 kg*m 2 /s 2 

v-— 4 ^j\>La uy*~*j 31 L>l bc.^ .(J) ^ $ * “ ,fij ^ ^ kg*m /s Jl 01 

3JL ji? 3 L*U? ol*X>- jibj ^U— ii <^jl ^rl jflJU viJ l3j .39 (^j * -OJjJl *Lo- ill 

.( 6 - 8 ) aJL~J 3 j i>-iji/o ji 

Jjij A-S"" j^-\ AJlJflil JbJL>ill ( 6 - 8 ) a] 1*-4.1 3 jil AjL ^JaJl ^bi>»JL^ib *j b H ; jL ikl b jjJ 

b^ lS i -r~tj*^' (7 - 8) 4 JL-AI 3 ] L**oiJl L)j^>- *LLi ,(4—8) J^oJl 3 _jjjL~~* — 11 

f ' * 

J’ ^ v5 ’ br 4 3**^ ^ Or 4 u" 4 ^ *1 ■ J*" O^d 



A^U&LuiVI 

0 

ct£olSL> .^T J5Lir Jl iiOaJl Ji^ jl ^ 4^3—aIi 3b— 3 apIUt ^\ 

oJjt £*LiJl t(J/s) b-»bib <J_^M ApUaI**^)U A^Liil aJL>- ^Jl jLrj <J*bc* ^A V' 

3a* 1 OU^Sfl ^jOjy 3 jbbo . A-S^ ^bl iiUail £-A L> j2u LJb ipLai~-^/l ^jil JJ . (W) i^/jJf jfi> dJL>* j— 1' 

.iplUi^Vb a^K il iiOaJl 



^Ualu*V1 



iiliaJl ftJwA <J ^>«-J J t<*i J JUP AjlL? ^ .~Ar\ i, t (4-8) 3 ^>w=»jil aIt 3 

tj>^Sll (^j^aJl jUt^ii^l jy*i .(i?jA-Jb «J I3J) Jrl Js» ji*- JUP A*S^ y>- Aili? ^1 AJL*lSs^ 

3 ApVjalL.w'y 1 O^^- 4 <0^^ * AaJj ^ Sit Qa It 4-3^ ilLjail 4jb& d jJLn-Jil b\)a-JL)l { 2^.1 H 






L-3 



(5~ ’8) . ip\Jai*> v y 1 ^ ^O 3 ^i.1 13-A 3 jl*i 

ci ^-Sfl 3 £-»^} A^ilj wb-0 I ji~\ AaL^31 qa *)}Jo 4j1 

0^ 131 ■ ( j^jSfl { jf’ ^LfljjNb ^rl IjLj t(ojjjJLll ii j£- j() aj01 j\ ^1j3 jJ j-Uj IjLJ L*JU — P 





IajjS d y* ^Ubj .JUL>t<* o ^Uij ^Ub*I**l Jl y» 0 

.cJlA^lb 5 ^Jl C~ *S«J> V ^->J - Jr 1 -' J* <-~* y^l jjaij 




jJaaIIj t<^lj^/l 

. A \jftMl ^Lud^.Vl £ijl o^Sj j <*al J ^1 w"u^l L)^S «Ac-Uaajn^U (JbLa :(5~~8) 

!dil Upj 

^llaJ ois" lil, . 4^*15" 4jlb ^w^Ssli tAjtil jJi jiJ^ £J jJ 4ili? 

/^S\Jj i4j jljall 4jL~Jj ^1 <bt$l Jh 4j jjljbll 6 jJLlI y2:0>tSl^ 6j — 

<*JbV„;«^l! AiUaJl JjLic* ( jp ji-xJl . 4*il jJl rjji l_4 ^-Xj ~b diJi 

jJJ ip ^ <ob^> aSU^LwJ. 1 APliai^V' ^bjj .SpUai^^l Jwbtil iJub oi ^Jb 4*it ^Jl £j ji jjd 

US' t4*ilj jJJ-Xl] Vu*a 4P ^ J^-f ^-Jri jjj .ibjl Ul5^ .0J>JL5^\ AllSlil £5 jJ 4**^ ll £j jj> 

" ^ 

£j yj 4lj ji? <Ll*J aJlL 0 5plUl^-l jjL^C tb ^Jaj 4 j ^I jall I C-Obji 

.km 100 jl km 1 jt tm 100 tiLA ib^Jl 






ipUas-^lj iiilUJlj ji-\ 'LuS :^\ih 



4*jl J\ OJ^jf ijp ^ rf . V ofj ^cJLp * ^^3 3j*>1 01 U^J **1 

£j JS Cx^j^i ^jj^* <3 yOlj JLjJrl a5sI^:^U <pUai^Ml 0) .oC 01 jy 

ty t^JlilU P ^plk-Vi jja; JAJ tj ol ^Jli iplk^Nl P cJlT lil >r >Jrt 4^1 gJi 2^l£)i 4l\U\ 

: 3U..^lt aJJ> U> J £ p Jrl JJ 4-. ifCll Sj^l^Jl <iljaJl aL£i g^Lc 

E p = Pt 

j£-iJl ^ya:) 4^oJl aJL* 4jL 5" o^lpj g^Lcj 

P = E p /t 

.Q 4^-lj^lj 4 j O^U rl iijjO*- 4 aJL^JI 4^l^jl 4 — iUail 01 ^ L<u 

aJLJI Vh^\\ ^ja 3 j3*\*a <^1**^- J±s_ 

P = 9.8067 rn^/f 

(8-8) Alt*. 

yj* U .s 7,00 « jUi> <J m 2.50 ^liJ ji kg 200 ^5" <s y * — if J»j — »l 

.m/s 2 9.8 ^jl — j jupI ?4^$il dJLft ii jJLUil ipUa^Ni 

(8-8) J* 

l^jy«Lfc Oy*^J (Jri jJ^JLlJlj <. o ^A j £-A 4ajLJ! 4i^.,/all 4-lg>l ^ ; > 

/> = 9.8 x 200 x 2.50 /7.00 
= 700 W 

^Lft oJDj> y U^r ih+*j liJb^f J £ Li£? ^>«j » t\V 700 J j * L*Ju p 

4j1^j 4jL jJaJl 10 2 X 7,0 j£-SJl Jr ^AaJ! 3jIi^j (j jJaJl (.£-^>-1 

■A~y .W 1.000 ^jL-o ^JUlj.toljjLSUJ kW yj ^ ckW 0.70 JSLiJl Jr :>^Jl 
y julj W 700 ” go* ifiJA j 700 W ± 5 W J£jJI ^ ^1 a,LT & jA 

tJ y J-j-aj -U -(Oy*^ <jy*J _y 4 a : a^ ^Jai*-J ^Jl Aijjl (_^JL> 4jj) . ? W 5 

^ j-aj 01 s.LjiS/1 o-i-ft 4-1 p g^J*. c^-iil Ui? jll J^>- J->r .\V 700 

, 0 ^-LssO-l L— Jbf 

. Jaii f“lijS/l Jj L>jJ* i^JLSCjV a jLatil <jl jJl (8~8) A^L-il (J Jiii Lll 

4-ibl ^lil l1j1wL>- jil { y OjjS^L* Ai^vaJl Of y 1S1 wUjb ^LaJ! U ip 

t(4-jL ty jfi'jLS" l 4^*l^S!1 SI o1j^>- j 4iuki ^Ji a ^ ^ j .4ju^ajl (J ^yaxJl l j Jimi 

.<>4-^1 <j i y^~ 




hJjJk It jJi\ : JjSh ujUi 




A^UaluiVt 

OJUi> J Jj&l aJUill ^ 2Ui^l jijJd JjJLii e^ai jp j>~ 03 

4pUal*^^i .j^Li ^y* 4<Jb>- ^S' .Apljal*-»\1 Ajc^Jg Q* la A3 c-^jbtwl — II jt— 

.(8-8) b*5^ b j&-> b4b^>- aJ ^*i or* p-*o^ c ® ^W 4 

O-W^ fy*j .(6-8) jSLiJl J ^w?j> y> U5" A*ii ^)L ^‘b ^^5" ii J^yt j*jij -* — » 

100 ^ j & O' ^y> jJu t^iaJb -® j^W 4 4^Ua2^1 ^Li y> <.*} yM j ajOiil 3jy ju c*>l j 

®Jla ^ 01 .distil ajtop 5 ^Jl otj Jaic V JJ-l of JLp ^ gJl iS oW ^ coiLb 

cialX. ^iLibM ,J~M j A^Lii-i 0 ^Lli Oj>tjj .^JLdLbi ^1 L*Jl (j 43 y>r j> j^P £-*iaJb y$\l 

j J ^ll ol ji\ Sfri y 0 cA^iJU . J,liii i) yM 3 j->y y> Jit ^ ^ — 4 j 

(8-8) J^sjJl J JaJa^Jki b>Or>^I~0 I 3 I A-1p e£0jl pi Jl j * j> — ^ f (6“8) Jl 

. ApUal^^l 




. (JjSj ( ha £flj3 Ajtdljll aJilaft] tilya** plOaJLul 3jc ajOjlj-o A0ibij$£JI Ax-UaioiVl (JjAjS ySL*J \ (6"~ 8) JiuJI 





jpikvsi j j t sr vs" : 



^Uaiil JjJ jd« 

iiLl\ J _jil Jj I frl Vi UjTj (6-8) JSvJl J US' jLjJr! U ^ j U_ii 

^US'L ^UaJl y* >■ < 0 Lkl o-ip J 5 lu^iT .W 800 < y^ ^jXJla ^lp jj jj .( 8 — 8 ) 

U j*> jl .(W 800) VUil J^-JLlt VkV Js- (W 700) U*ili V- ^U*: 

jll JUO J> out U*ill iXjlSLil ip(kx-»Nlj P in J^-Ol iplk^.1 

Eff= PJP- m 

i*.y/t\\ ^Jbse—I t % t(5j _ji* V-^ ) yil iji jit <_-> o-Pj li| 

Eff % = mpjp in 

(9-8) 4iL*» 

U .W 800 ^LiU lit .(6— 8) (8—8) Alt— it y j U .- ' t jVp)/Ij j>- 

(9-8) J* 

& 

lUsjLo* 4 >JLa 1I A* **/ 2 li I 

£#% = 100 P ou /P,n 
Eff % = 100 x 700/800 
= 87.5 alio 

Ujllp (8-8) 3jL~i! J j jl oojl j Lr'j j 0L> Pj lit 

.4jIHj 88 J»i 




J^Lio aJjlJ 4jli ^Js- c^r' bl oJL*- 0 ^ .ZjJj+0 . ii J UP iJLft j 0 ^aJl J P 

.^>L5vJl ajU J Q2y>r yA L»-Lp (. ^*-^>*-+0 



t*w-> cm/s 30 <pj— ^ ^4 fljL— Jl $.Lj 1 ->T j dol>- ntJ .1 

i>* JS" ^ .cm/s 40 ipj — j JU-iJl oVO il j n-j yjU 5 5 jU~Jl e-IIS' 

V^" SS' >1 01 /"Ju' ? r lala^NI JJ (“IMS iXJt SS' >1 </■ L* i kg 1,000 oJjL-Jl 

* e 

.olJL>- jU Uajl A^\ .A^\jJ^ 



JU^JI #l4lj 4kg # m/s 700 (a) 
'd>j^\ oWIj tkg*m/s 100 (b) 

.cjyJi JL^3I aUl ckg # m/s 500 (c) 






: J j*i\ 




Jl iJlA ^lp UilS”" oL»jLc* Jbrjj N (d) 

^A £*jj! 

.HLA\j ^jJl (a) 

.p jL-Jlj tibSCll j (b) 

.iPj-Jl (c) 

.iPj-Jl (d) 

Si-S" yU aJUs b. .m/s 10.0 Jp j — j -dbM l _ s JLo jJj — ■* kg 82.0 axL^ U-jia ot ^ 

•J 820 (a) 
•J 410 (b) 
.J 10 4 x 8.20 (c) 
■J 10 3 x 4.10 (d) 

yj* b. .m/s 2 6.000 Ai»iU- jS~ £ m 4.000 iiLJ. A*ij ij j*- kg 10.0 Albs' ^ *• 

?jJJJu j»LiL! iAj^Jl A^r 

.J 60.0 (a) 
.J 24.0 (b) 
•J 40.0 (c) 
•J 240 (d) 

AjXajJI a-db ids' bj J*a til ..lllSda-Vt (CXP iiO 5 yu ~os- £« (J yx- Ajf Jp yi I 

^jlp ~ >*s . — j 4AXLa^ 3! Soil jb. O Aa^. T .i i t bj^*ia ^ 4 ^n .» ^ rt ^ 1 4 ^ (i ^jdt 

•iS' J~\ i^S (a) 
.ip^-Jl p Ui (b) 
.£*-01 (c) 
•(>" ^ cT^ (d) 

J* 

>r ^lwUa-s4»l -Up AjU fUaj (J caS^ jJ-I <UaJT aJ L aij 

.aS" j>~ \yS iS\ fUaJl JUij V (a) 

.aS" j>- J jL-^j V j oL-~ Jri -Uij ^ (b) 
.55" oL^T (c) 

.aS" yi-l oUT a*-S*I o*^Aj (jyi (d) 

L$JL»15sj A-Jl y>r^| I J$ oLa 5\JI oiJL>-j ojLi^l ^ oLjL—^- 1 & 1 y^rl -Up 



.3 



.5 





4Plks»/ilj t43lkl) j 4 ji-\ JuS J-AflJl 



.^Ijlp^I^ oLji>- jJI a^Jj j^> <£ j£-. (a) 
.oU*- jUa. i^l ^So: ^ (b) 

« i ^i *i * 0^- ^ J ota»- jJi v J>s. (c) 
jt U>> a^- l ^. (d) 

*ylSl) olJL?- jJb J yM J-Sf JUp- .8 



•£ y jr A ~^Aj^' ( a ) 

-S'-f'Ajtf' ( b ) 

•(Vy CjJ* r*-^^ ( c ) 

•£* y *s^ ^ (d) 

^li .<wJjlft]l aS" y>- l*J ^b j ~t?ry) N J 4-C^P 3 <j kg 5,000 AlL^r <w ->jli ji .9 

fli f r Ja>- jij f L-SU ^jUil *J d\y 10.00 3Jd oLi *1 >1 JJ^ 

^UU ijjLl ^jJI y> l- . >> 5.000 Vj UJ! . *JyM *Ubb 

.kg # m/s 10 5 x 2.500 (a) 
.kg-m/s 10 4 x 2.500 (b) 
.kg*m/s 2.500 (c) 
.kg-m/s 10 4 x 6.250 (d) 

W j>Oa y~~Jr ^ jo(j 4J ^JL b? .10 

j ** (&) 

(^-Jrl J*i (b) 

j>~ ob4^ (C) 

r ~±\ (d) 





SjUI 




0~lP JlL4 oS yr y (.i aI^T Jf>Lo l? 1p lCjU^o*- j£Li isy-y oilil j\ OjS^^S || 

^ip Jail^- jl jil jlj <.{£ ^>-Sll ^1 jll AiU5”" ^ jll A*^$”" 01 A^Lib*- ^ jJuj 

^ y l_„..*<s<a) ^2JtJi L^oJ^J <LJ jA jl ^il oJ-A ^y3^> 01^ CAj ^ y>-l Jjj^J l.»* L^J j% 

d^lll 01 f.L*JLaJl 0 jJLUiil 0 ,j0> j£\ . 4j yjzdf jS' y-\ ^aj Jh-> o^li^ s j .j^jV'^^l.,, .X 

. y u* djyw? <Lj y yS' oUm> 

s X i a ft 

tAiJ^ aJjJt! *yyjJf d*i-A 0^ .AP^-o jjJJ Jjw ^ Ojjiw? 0>L». »«.»>.>• oljJUl 

& ^ & 

Cb^ l-*4fc«AA*C^ I 0^[ b J^m*+***A ^ 4, 1^ 6^1^ ^ jl^ £. 1 *v fl ^ Cj^ ^ 1 ^ O^Lp* 0 ^ ill Q . . ^ j 

•» -• 7/ 'V 3*X-5 ^ J i-S'Vp .V 

oJ ^J ^ jl L*il A^J*I j j*P Aj. 5 yill litS" ^Jiu“ d~>£ g y J^JO j>^ tLftl y 0 p1^|.^| *£-*£ 

0*»LA O^^^J ^ ^ il i_«J ^jA y^^Ssj j*S^ t™.** 1 dj 1 l^l^> c — *>Lp!^aJ| ^ j^sJ fc *j^nJ ^ .*><}) L -^ ^ ■*■ ^y ■**■■■■ ^ ai. ^ 

4*]ai JiAaa^ C ^ , tb L> l ^3 t 1 ^ O^teijl ^jp4 L^-4Aj3j i Lc^2J1a>»! t C^ljAminl' 

^jl c^l jiil 01 y <3^- J^> y <Sj£~*-* 0 ^ ...*i^ 

J&JO 01 j L yw?l obj?r ^ IftjjJj 0 j&> di-A 01 j L j**p\ oL*o<> ^ LW 0 j>£ 14 1 yl>- 

.^y>L4 yw^lj yw?l ^1 JU*ju*» aLwO^JI 01j JLaXx^ <JLs*^|1 ( y* 

tf.lil5^ ^Ijil a 31 ^ olll AjcjJp *— *ii 4 «-! y^";TtiA a 1 

Ujjl — Lfr.MA> ^Ai4 — olil ,^ / a.^ Jl l ^sO AJ ( ^P ljj»r ^Ijil dJ-A 

« * * g 

d-LA ^1 ^ll Ajf dJlAlt l l C-»>jL^l]i f.\yr\ jy JA {y J >\j)l\ O^jIjJ — ^1 

.aJ jA oLwor jl oJL ^j) iLcl y 0 j£s£ Oj 15^ lil Ja-A5 A5wL%jij 



frbj-aJl : J jty t_AJl 




J^-Ji ‘fA 1 l-i* At*" ii-is- (jx> j* jixJlj (J-U' '-% il)' J-» O- — » • J — * 

yV-s^' j C-^ c£jb p—— ^r- A>r jj ( Ja *>b> ,f.UJjJl 1 $-*jI*j *V ^-ll f.L-2>Sll jj— * jji Sill 

^>- ^^bjAJl g-U^all (JL>pl jy~^ J Aj £ o J4>-1 j jjaJ L*JLlp yw^lj yw^l oL^ J.- > : ^ 

V »M1 >^S(1 ^-Jri J* u 5 ^ ^3 *b ^ A*X<v^ 0 ^^jflJl 0 AA 

JjSll p-~*A-l j-* l- 4 bl c |» j *** ^ jl^^lj jlS" bl 5 <J,l 

^ j A-* P ^ip b* aIiS"" ^oA^S^ 0^L» 4jliS^ j bb* j ^ j ji yJ 4-wwnAlA aJ^jU ^a ^Ja jA^Jrl 

j ja- j> ^a b* ^5" Lilia-* ^Jjb ^ -b . j*lil IaI 3 ^-1 ( *r > l Jb£| bJLp !^*> jJLiJii J 

.ojlil jp JT 4 iyc j£*Il j^£j V ^5 - SaLLJ ^ aJL*J 

jA^UftJt 

IglJjj ^ jJl ^Sllj ,o.>LJJ Aj jjJl Aj ^ iaJl Jj-UaJ ojtil j-C 4 JU 4 ? ^J> Jj^ai j (, 1900 fbtil 

JaX*j ^yxaJl Jlji V >>-l 4 j _^aj c£l {j* Jbail o^lil i) ^JL- AjjAJI Aj^JaJl ^ jJiJ . Lb-P 

.blX t^rlo»*s<« ^A’j'^fl LuS^ ^5^ jb j jAbfcJ 5 Jj Jljj (bill jl> 

y>r c Li>*'y .j^&LxJb Ajc^jaJl (3 V-b-^l ^Ijil liiiis- Ip jj 92 g-bl«ll tl^ — s-1 

1# 

^1jl>«jl^1j ojJlII ^li . 0 oJLa 'y I a^JI y»-l Jl y \ . LpLlv^ ^sbxJl ry* Jbjll £y»/» " 

A^pLw^ a cl : . ^3 j * "j / ^ C ^j/3 w > j_3 

.A^JCcb? lil L^P J j-Aj jl O-^- ^S/l tAw.^Jall Jj bhJbrl jJ 

Jj^d jiirt iC' JS 

j *>\jIa li*>ll3^l OJl>»j jl ojiJl J ouiJaJl jilU .Uib Aild^ 4jiLj>bl J _- S ^bxil olji jl 
.^«JI ^jorj^dl Jb- JLjJi jJL^-C 'y ^1 ^jJcZ oJlj J^i\ cLL — SC-C .l$S" ^J — ^ 

^jA ^3 4 **.* L . - — ~bl l^ . jJJi J J **" ^— ■ ;* t j-Xfcll ^l>Xv ^ ^ X~S'\j {J&***a*$ ■ * * *0 

lU^sJI J_) tU» dj£> .(^1 J*- (j J*^A> jj o — U!»— — S' jSlI 

c J dji V _J to jj ^ jlp .^UiJl »jl |>-I j JaisflJl j l «li A^»w Aj I a g 1 * ^ 

ju jSo j^rj^i j jSn jSf ij^ Aii^ ji >1 0J1* . jj^ji j jbjUi* i^j ca] a>jIj ^ i^r 3 

.(J j>-^\ AAjlklil oU^-Jrl JA iAl£ jIApI ja 

jl Aj jJJl A^jJl j cjuaUl jjJbLl ^jSlc ^Jlj AjcJajl j ^ >>-S(l Aij>Sfl y* jy — £ — t 

.•Jill U <Jf j^oJj ^Jl Aaj Ja}\ J I jJ> U*>b>-I 



si jin 

AAjiSlJl b tt ^y ww ji r I ^jA y £jA dl ^-Jl j . dl yS\ ^A AIj ^A ^«^-»*-ll wj (jJ«U! OjjJl f-J ?r jl 

1# s> 

-i j Jj Jjyll jibe cI-JjAj aIiSsJI objjljjlj Ob Jj JjUJ .jjjljjlj b* J Ij ?r 

.A^i jj^lJU bLLj 4<Jb ^5" 





ialii :£-lsli 



a 

‘ C^~ ^4-JJ J V <^ — ‘ £ U ?r OjA s^ C. il jl 

*JbS^ .yM Oyjy c£^ l .~a i Oyjy <i>w» o>lJyjjyJl 

* 

of y»l yil g.L<JUJi .l-^t sJIp- (3 3 — Ji>- 3 

^iLT l -.,mC ‘ lit pi* J\ ^Js> dJLBj tUllp y+ ^UJ-l t^A-1 Iaa j JiS/1 ^Js> tSuijUai* oU yj^ — !l 

tA****Jl oijjjtiJl c— i <3 d^b^Jl oJLa , (_£ y/a* AP j-^J l^-*u y**j ti> y** ^i 0> L»- » .<. - ^rl 



*ilfc (J^ 



<j^L *^i t jytj ^iJi^^f A-il^ SJbS"" *i < j^_Jj LJ y J^l <j yjj>Jl 0 _^j V 1^-l 



yj ajl^ <»2 jU j* yj^ . ajLLI ^Jlp 0 j±£ <jij\ j^i\j <3 Oy^j c)l \& j»*S\ <3lp <*i^U yyyJl 

( jA 0 JA^P 3 jI*JL» L 4 i>-lj A> 3JL ^U3lj oU y JyJl y* OjA+P a 2 a]lA j\^JL* j >*tj Oi C.' wjr^T ,H*1 

liUiflt i^Ull 4^jJl ijy**i — oljjJLS^ L^.sA«> £* \*jy£- o>lj yjyJl 0 y^j — j^-**Jl 

0 ytJaJi <3 y*~- ^jSfi sJUaii oU y_jyJi y-* ^ y*a> y*^- bj t< ^>j^ 1 o jliri 3 

.$.1 yU 4 -s^Ls(? ^J l 3 y£ La 3 ^ Aj y*«-sa)l 



ClXfij^ 

oU jjT ; J.I ^-3 .0 yjjJl l^JLc ^il ^1)1 cj>«a U j^t 31: — ^ — Lc 

c p,UaiJl ^3 ^ ^ aAj ^ i> iX* oU ^ c! .oli yjjJl^ AjLiS^ 

a-^ 5^ c-jti^ jJ aJI ijjjj ,4 jLjj 15 j>- jjy-iil <_ i^ / ^-Lj .dJlS-iS^ wljjyuJl 0^ — • 

OjyJ 500.000 J'y cg-L ^ d l l 3 yj iOjyJ 0 _^*i> tJ-iJj toUjyjJl 

«r ~ 

45 >Xiij k^LjjJ ^iLu.^j j£j 0 j yy 250.000 30 viJL>*x3 ^ j . — 5^ 15 

.L>“ jjyJ 125.000 

ji aJ o l-j} (_£ 3 3 J ^LiJi o^U^y^ill t < - > 

l 3 * jlip £j* (J aJlL ^ ot Ljajt oUjyuJl ^i^** m ~ .1^3 ytJ Ia 5^ S^lil 0 3 JLi J lS^" 

d^lll jL^Jj l>JLiPj jIaoSj^ JLip .,<a* > ^JLp 

. o^y 3l y^ oJla a!.JLJ ^ >1 ^ .1^ ^oLJi 0| . A^Ui-i lyLj^U>r j^otj t ~ a-js-iIi 

JxuuSfl /i) tf tt 



* 

*j\ .cl^lijy*> S^Lp V JL^-lj 0 jj j y ^y* 4j|y j y>Oj"j t^jor jj J-il U ... j-^aJJill 

^4 yyi l jl Li j yij ol*>-S/i ( j.^** 3 Sly 3JULc J3 . o^^il 3 l^" yr 1 ^ j ^ j! 



Jt 







ixlasll *1*^1 :JjSl oUl 




•yjjyyj yjy jy 0 ^Sp iS y^ °Sy Ajjj dllc .^jbil jA i)j&\ 3 oyj yS^Sfl 3>^S j * /a . »«S l 

L« SbAj .aJLjJS oJlA 3 5ilUJi ^hnjj ^J^-b fjs 1 * lM <Jy>nL> 

a-p ^ il aj jlpjtjij'yi oyil yp Liaj! aJjJ— A l £ L»JU yi j I yyy// £ L*JJ yb a*L*jJI oJla (j. pJJ 

< 4»j«tajPr AjLujJJ 

j^xii 



a1?L>jl* . j ^Ol 3 bli aJjL»jl4 oL> y jyJl j ysJ tAi> JbLl Aj jJLJl aj^ }?:ll i «j 

«* 

. Alj y& ^ajjjl dlb t _ r ^jJl 51 y j OaL yjyJl ^Jp JiC <3yO// JU*Jf ^Jzju .UaJ 

OaI^Ia]! aJj^ ^pLLj i^P-b->- 0*A^* yftj l {* J^J^I y® O^L y y y Aj^Aj Jlc ^wL— S i j *,<?.,, , <wjl 
Aj^C Ajly ciJJLc y^S' <j\ i^jjTlfLA J^Lio $ol>yjy Aj*>L yyiJUl dib*. .jj LSnJ^ jf 3^3*^ 

dib . 3-Ax^ LojS y yJ^ y* yjy a*j jl ctJUur. (3-LSl yaj*}\ . ^ jdJL S I Oy^j ol o U JHJ^ 

.2 JlP ilij! t^Lp . aJL^ CAjtw* i y±>rjyd\ dii^J tAjljj 3 Oliy J y AI^W jy ^SlSl 

ff if l> fi 

cULp L y bJp dib j-sajUjJI 3 SiJ .LajS ols jy-Jl ^Jp ^by t5 jJ — Si 51 j J <j oU yjy Si 

A-vs»U ^ j dJjli Jb 0 Lc,j . Oy jSlSLT yai^iS <3jjJi iJbJl ob ^^LxJl AiliS^ 

• t3 y*JS SJlA C,.)g:>-*y j y?xJ-\j Li aL\j? y 5 ^ A.»ja 5 j 

0*>IjJ 5 «irg>d%*» tL)y y^-^S ^y* A-LP 3 j</3 P dl yJ 3yy jy AiL*/?^ L* C ' »)~3 « « « I ^ 1 

jJj ^y>“ (^iJUJi c^J^iJl y* ^*!A^sJl j*>LS (3j-^S ^jL*o <3j-^S L&^Jp 

a^S^ ccui^l J5" JJJj ^yj O^J • y^' J>! J — * 

<JjL>- . 4)oy~..)\ aJLjJI yp j \j» JljljI aJLjJI 3b 3JJi y yp ^Jl yb* J,! AJynb uy 7 jj^b^S 

Jjy^ J yiUp^ 5 y-3 yT^I Jliil OlT ^jJlSJ i f L-iJl ij jUJI A^jSfl j 3j*-JU^U 

<» ( 

JT pJLu UT iJjl lyortJJ jl .(79 C? jbil JjjJl) Jl (28 (3 jbJS *J1 ji) yS)| ^ Jl 

c? y 5- <. Aj jjJi JjLaJI jly>-' -Up 2JJij t^y ^A rJI o yJS jl ^ — >■ j — *Sfl — j ^ 

s< if 

0 jJLybl ^ytw- <j\ yp bLc AiJbsi ^jbJl cJb" . jLb^l JJ LLib ^LxJl oJ — a "J-S^t. j" 

tJjVS ^yUJl <j y>Lxil {.L^l ^ y)l (jij Aijyil j-^>L*Jl (1— 9) Jj-^-S y ~ — j 

.LJbil ^ ja\*1\ (J Aj jJlSl j (jLJl i yUJl j yvULSl jy J\j 

jjUallt 



Jjp ^ ^iaJl Jai u ^j£Sj L« yP olji j oLjyJl P J— lo jl 

J,l oLSjyJl ^IjlpI tjzjj ,<s jbll ^-u)S yb ^U^p'VL L^j y ^^Lp ^?L*Jl Jail^ toLj^— iJl 

. Ayiil 5^lil y* ^aJJii! yfljkj L-i*>Upl 







A Jjl j A lSil J)^6^)]l j t^jaiVl L ^ , “ 1 ' V ^ 1-UaJ Ajj^o A jM ^jk-eaLixll l|l - 9| 

Aj^lll jI^cSH dj) j AjMjaftll tL-jljSJI IjiA AjIjS (ja j 118 J] 1 o-VjSB 

.(Aijj^. (jSj jj 117 J 115 J 113 



JJfdl 


^UySlI >jl! 


tt 


89 


Ac 




13 


A1 




95 


Am 




51 


Sb 




18 


Ar 


UJC.J 


33 


As 


«• •* V 


85 


At 


jjuliJ 


56 


Ba 




97 


Bk 




4 


Be 




83 


Bi 


•* • 


107 


Bh 




5 


B 


UJJJi 


35 


Br 


U±*JJt 


48 


Cd 




20 


Ca 




98 


Cf 


( 


6 


c 


u 


58 


Ce 




55 


Cs 




17 


Cl 


jjis 


24 


Cr 




27 


Co 


oLjS 


29 


Cu 


^ulaj 


96 

r 


Cm 




105 


Db 

i 






hjJH\ Ajji\ mMi 









66 


Dy 




99 


Es 




68 


Er 


fjHiJ 


63 


Eu 




100 


Fm 




9 


F 




87 


Fr 


ja 


64 


Gd 




31 


Ga 




32 


Ge 




79 


Au 


• 


72 


Hf 


^jjisU 


108 


Hs 




2 


He 


(‘Jit* 


67 


Ho 




1 


H 




49 


In 


?yf4 


53 


I 




77 


Ir 


(‘jrtJ 


26 


Fe 


Ai.l-k 

•» 


36 


Kr 


oJwjZ 


57 


La 




103 


Lw ji Lr 




82 


Pb 


(j-<aL-a j 


3 


Li 


fJiAs 1 


71 


Lu 




12 


Mg 




25 


Mn 


• * • * 


109 


Mt 






3iUt OU-^r 



I .itaJI 


^iUuSU >^n 




101 


Md 




80 


Hg 




42 


Mo 




60 


Nd 




10 


Ne 




93 


Np 




28 


Ni 


JSjj 


41 


Nb 




7 


N 




102 


No 




76 


Os 




8 


0 




46 


Pd 




15 


P 




78 


Pt 


u£>W 


94 


Pu 




84 


Po 




19 


K 




59 


Pr 




61 


Pm 




91 


Pa 




88 


Ra 




86 


Rn 


UJ al J 


75 


Re 




45 


Rh 




37 


Rb 




44 


Ru 




104 


Rf 


XJJ 


62 


Sm 




21 


Sc 






ia-Ltll frbj-ill oUt 









106 


Sg 




34 


Se 




14 


Si 




47 


Ag 




11 


Na 




38 


Sr 




16 


S 




73 


Ta 




43 


Tc 




52 


Te 




65 


Tb 




81 


T1 




90 


Th 




69 


Tm 




50 


Sn 


jj 


22 


Ti 


^Llu 


74 


W 




112 


Uub 




116 


Uuh 




110 


Uun 




118 


Uuo 




114 


Quq 




111 


Uuu 




92 


U 




23 


V 




54 


Xe 


UJ^j 


70 


Yb 




39 


Y 


fJlLW 


30 


Zn 


(t&jll) frUjji 11 


40 


Zr 


f-fcHjSjjj 




o*\l\ 




amu 1 0! 



^ 5^ 

tjjiaj ^y* yiS***! ^ t^j^Jj . AjyJaJl J 5 ^Lp J>y>r j-* -b>Oj jiiaJ ^yaiP -b *- jj 

.AiibS" J dOJlS" j c ^^xil 4 J 1 S" J cJOb>-l Ji j^ajjtll oly J ob jyyjl :>0 p ^jp — '-j 

,<J^f OjJJj?-^ (—bb- jj jl Oj^O b£j^ OV^JJ^b^' l5 — p -b clJ ! 

AJly J A^iL/?! objyzJ aj^L dJULc ^JUl ^JSbjOl yA JbJb c£^ ^jyljjOJ .JSLjOi 

.ajjJUi <bOL*Sn j ^j>fcX^Jki aji^wmJi f* yJb b* jbL* 
* c 

jl AiU?lS" JLjlj JAJ Jl> Aj j&j iOl <J y£ *>t*P ^yJ _ / ^4liJl ol y y» oli jy-Jl £jybl jl 3iL>l jj 

dJb^c ^ .^Lp J^-io bJbJl 2iU^J' ^byi ys»Uai>-l J y* Jly M t$^Jj tobyjjJi ^Jybl 

4> * * 

\*\^**^> j&\ a\j^j ai* Lj jj5j ijlltj 78 tj!.. ^ ^ i-tyu 1$. ^1/ Vi^jJL* 5l?L~*j A^-lJ lM 

Ajjill 

xp ^ y*j£ byaJ l£ jb-J j c£jbJl 0 jjJb 0L>-S^ ya*j <j ^^jtU a-L5sJI ^^pjj 

* 

u*>- c(amu) a» jJJt sJL^Ji oiJif-y 5 :>Ip ?wJxil oJift ^Uj .oljJt J obj^ — :>b — pj 

* 

t0 y j>^> Ip y~i y£^!l j\JaJl Ai| . O b j yJ ai+a ^JUjT. ^JJl j y ^vJl j\Jaj 51 y AbS’"" 1/12 Ja-waJb (^jL*o 
ob jju^\ aIiT c amu 1/12 Oj^iJ j' 0 y jy ^ ^ jiJi aI^I jt ,12-Jyj jl C 12 

.oUjJjjJl a!5" ja JJaj jj5^ 

jijaj ^Xp AjjJJi aJl^JI .Xo.fcwi ^jSsJ j t Ajj jjl UjiIJlpI aIs-^Ijj -Xj>-j ^j^iu 

(3 ^“b*r 0 jb w^ d-J La^Svj jj g «« i' jjjiJl -b*r Ijjj . ^y?\>- 

jJfc C 14 jlJaJl OJ .jUNi tUip j jJ y^tU lJL?r oJLil« Uf IjubiA dJu ^ O^-jf . J^j 4^ ^ ^Ji ^ 

? # # 

^Ll Lai j jjj X. C 14 j^aiull ^pU-i'yi -ULijJl Juw 2 j .IxJiw* 1 ja^s* ^ J C 12 U^-j c^Ju> ^ 2 — ip 

* ^ ^ 

jjj^Jl iSy^ oLS^^il ^y* J ^ j j ^-X’bj 

.AiJbpdil £->' j j t jj^wiJl c3Liu5"l JLJU • 

JjLa)! jj tj* ^Jl o*)ipUiJb^ tAiUaJl ^^Lp 5 j^Ui! aj jjJl oMpU:; 1' J 

o*>bl*il J — aSU? Ji Lgij^- <Sj£y —aI^sJI yA A^t^' ^!>Xj3j L*jb 4 Aj jjjJl dji-bfiJi ^j\+/3A j cAjjJl)^ 

yjbJLo I O'fjjJt OXS* - . A^UaJl ^y* aJjLa Aj^-S* - 0^ ycs.aJi AjlILJIj d^Uj ^y* A^-o-^Jl abA .OjIjJJ^ 

Oj^jJl aO^Ljc* Jj>«JL^L| A3^AjJI dOji ^L/5 ^y* Jj* 

E = /wc 2 

Cj tj* 1 } Jp jl^lj S jJU4 JpUOI J bsi^Jkl aJK]! aI^JI /Wj 4 J ji-b 4j5j*^ll AiljaJl J ft E 01 i fc - : ■> " 

AJbib jlA 0 j-Lj^IS* - 90 bj yiJ 4_^jL-J ^ftj :IJb»r (? A.^.^gJ^ 0j .AJlilb j^b t yjl Jl AP^— — 
O^bP Ju ^ jjJl JpUOl Ak-ly AiUaJl J^l ^bJi AjbJl L^A dbiij .(m 2 /s 2 10 16 X 9) 

. Ajxv- U^ubS" juJ j" 








* * 0 

+a cAi^^xi.1 LsnJl ^ AAjLjclLI oU ybcJU l^li£ l^)»^.«i^.<* ^tlJl c— 4yJl a- _.§y* 



lAPyLL* ^y*-l cAjj*bJl aLS^I y C^£jJLJ1 
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AJl^tl £A J yy^ dbJli jlS^ bl aJLs^- a J^l £J jil Ulfc lJ>IJiIxi~- 1 j 5 






( 1 - 9 ) *1— 

*Ai oU AJti 5 ^Lp oli yyy aJ l£ c£ y^~ <^1 j c jS/1 5 jj 51 j j jl L y*j .«.a*»J 

^j-*^l V i) <^UJl j-h^-* 51 iJp yk L* ^£cjUJl y«,<2 «.W 1 1 yb \ * . ,*> fl 

. JpUJl j 4jlb (J,\ cJa-— *lb 

(1“9) J* 

jj .oUj^ oUjj’jji i*<jl 5ji Js g;yi Vi-#; b'ji JpliJl li» j — (■ ga . 

# # 

.Ally J$ oUj^iJ A— 5^Lp yi5*l jJfljJl jcjUI y^Iwll 

SI jilt £jU 

. cjUjj^Jyi Lil .oU yjyJl aj>«jJ 4— S"Ua aJI? ^ 5" o>w jJJi oL«> 5jiJl 51 y > Jsu 4 

& 

. A*?r yA 0 ^ 3J^ 3 aJI'-*' A*>*»*i ibl^pl 0 y3\jyyi Jl yf-Jj 

Os>SNI 

aJj^" c^*^Jj .4—£"\*a AwJajij Oy jyJl <^J l*Lc Ai>«-JuJl A ++S* Ojj^J^l ciJ-b, 

•• 

Jl ij jL~* j^bT j j£d Djj^Jl 2.000 Jl 10 U JJ^jJl il^ ^ jj^j ywsl oli — ^3*^1 

.O^lj j Jjji ibT 

j s-jJIS' ilyJl ^ ^ 4 * -o. 1 olijy^J^l 5jJlil A-ijj Ailxlil Jyty oljj )a;il >\ ^ 

^o-^- ^Uaij 4^>.t^4 cal jJl J oljl-1-* J 5 LilS^ J oli ^r* 1 ’ .a^ji^JI 

J>S"1 ^j^io jj-v^lil \Xa JjwUJ y>r .((1-9) < J^Aj!) oUj^^Ss J^fl C~^- V-. » * *^!S i 



cl. !*X>- dJ-A^« 1 y j c A* j A ^ J^r. oUjy^J^l ii y>«Jj c SjJ Jl ^ j C Jj .1 <L>- S J 

( J-^I^1 ^jA Aj\j Jj-aJl y& Aj ^UaJI L* <jl .L* J 4]a^“ ^3 C^l £^*3* ^ 1 

£ y> jl Sy^LaJb ol ^Jl aJlA ^PJU .51 yJb a^^ aijc* 5 J> J ^b j jj — ^0^1 s y >r y 

JjUj . jy ySsJ'y 1 a* lb Oj}^ LJ5" c5 j 3Jl!)\ Jpi eJuoj j>5^ LJ15" . 5jJJl 51 y y& aJ y^ : < xJ^[l 5 jA Sli 
5 jJJ J,1 5 j3S ja "jii J” aJ15" aSU? jjy^Jl c-— jS^I bl li lJL>- lb— y br'j (2-9) J^-ju_Jl 

. jS ^ Silb ^|iuJ (_£ y>-l 





salil OUht J-AflJl 



ujjjSI! 





aSLIsII ^ < > o^iia 



.a \W <qj 4jjIj AiiUa (J£ (JjUL taJ W<» OIjjJjol* Oljjjj£jyi jj * (2~9) (JiylJI 

di-A» .^Ijil 3 <_£ j>-\ JJ Sji 4J JUlj^l dJJi oL5 



- " * 



- - »■ — -* _✓ _> c — — -> v -5 • - ' V f 

*= * * 

lojb f.L j-£$s Jl jtUJ .oLijJJjJl JUiL 4 j jLL» Ijbr JUil jyi U tjl>- (_£^ C^^Jj 

.a^lil (j d^bj ^SsJ^’l iS" ^>- ^ jl Jlijl iLj 

J #* 

4-JLw-JI d^b^-JiJ! ^>tlj IjJ .o^b^jj^JI ^-XaJ bjL**^* flj JJl ^J5 c^b^ 1 ^ jlp 

* ** 

d^bj ^ j^>rj cT* ( j^aju /^3j .U5b dAjl£- DjJJl j ^r’ 5 " ob^Jujl b»Lc 








Ja?- J J aJIuJI SJ ^J-l jf Ax-ill AiUaJl ^jA aJUJI Cob ji—ll . Cob X^J^fl 3 jUa—Aj J 

.Oj jJl lJu$ Jicl coljJJl ^ 5 yU cob (I a?-^ acJLc-) ^Jb 

iUjjVi 

3c>«-i SjJJl oIa cl* oji j ob jj jjll :>jip Jil J ^iS"l cob j^J^I :>jip ol 5^ bl 

.aJL- AO»-i OjJULI Cob j^xJ^I aibj j $djUJ A-J»r jj* 4J>«C> obj^I^sJ^fl { jA JL> ^jp ^-*C> .A-jb 
£j J-J b£ ^ys-aJl aJLA^I ^3 • obj^ r i^J^f! b$ Ob/tdl J <bbjl bl cl$-~ju r ,^«,ll Aj jjs> ^JLj 

jlT U5" c^^J J cA-^jjj J^jti I Ji*/ £*JlJl j-^ajjjl <J sL~* j .51 jjl ^Jp Jaii ^JLil cojJJl ^ ob 

a» 

j-* j^iSsJl ^Jp Oilil <_£ jJ- l* JLP .JjjVL iJb Aj j>*Jtll OjjJl . Aj bj ^$ClJ cililC A jlS " j 

. dd b^y/ l)j£j ijJLII <3 ob jj jjll ^jA j&\ ob OjII^ bl . ao S illl jl J yu cobjj^l 

Obj^lSvJ^fl J Jp jd" bl . L?r y* (jjo y/ OjUl 3 Ob^j jjll ^jA Jil ob x^i^fl c- — id** blj 

& 

.lob dJbl^ dj Uli A-— jb ob ^ j^jJIj 

JjwlO A-Jb (J^A>- (3 I ^ *,*,& j J LLP J 4jlp oj ^>* Cobrjd fiilLl -Lip till cio-L^ (1)1 

A*Cj* J l*lp Ax-ilj cX AftClj C A-??c-^oilJl c3 J AjO^AJ l$-3 ^*J A3r*_»b L^IjI dilil 3 O-i (1)1 ^iT 

^ jjJj obj^i^l^l jf fjJJ>i (Jyj cobjjjjllji C b^ ^ --liS* > AP^— Jl aJIp A*jj>r Aj cZol^-— I 

c^> ol ^J-i ga^Ji 3 oi jJJi JfLiJb utp ^ui <jj*9i £t*^yt L5 — 

.AuJrl O^ J^lll j cOjilj 

C0>b>02jl ^-\P ^j^LsOj c_>«**sj A-j b I djl jOJl <Jb-L^- .pi ^ll lJ Aj^-1) 3/ 1 // 

9 » 

^jp IJuxj Cob j jill 0 -La .^S-IJjII }g*M jJl 3 ob LS^ 1 

#= 

. lob 0 -blsM ColjJJl I Si J$ ‘“l O'jldl j*lP AC jll ColjJJl ^j-AC .oljJJl 

CP ^ ^1 p 

JLrj .^LS^lJb C-j'j 1<»-S^ c(A-v2-s*2jL») Z^lt» a obi 3 (iy ^b ^5^ J-a>- < jp .gi-UJl jjjbJl oJ — 4 

* * 

0 jA Ub ( AS' j“~-\ bgOj 0 ! O-fljJiJI (_£ jj jl . 1> 

f. 0 0. 0 

O^j ^^Jl Oji -L3 c^d» .^ibtil jvliJl Uk^ bjjl A-— jIj C-ijil 3 j- i' a ^*.ll -L3 

P Ijil cC 14 jddl ^bJbj c A-xdaJl aJI^-I 3-llj AO-^ j y* ^/-b Cob j ^Cj AJli 

* t 

.bjjl l^Lx^j <+*-y Ajb 5-b-j IfJaxj d clgO 

Ailb j A-j^vvocJl 3 Ax-i^l A-<kd 3J-I1I Aj5r»-C j .^Iajj^/I fi-ibjJ J^"l d^bJl AftliS^ ( JjtJ 

^Ifljjl ^^"1 c3t)bJl oljlp ^^yflj .^biJj'yi ■il^jl lolS*" jS " tj j>^l ^-wo-dl ^j^* Ai3c*ll X Ax JiJ 

P ^1* jo b jyL-Jjj^U j^jLJjj! ^jkbll olp dJjj ,^M^«-cJl ^IxC^fl A^.*<I^j AJ j y* ^ xx 

O^daj^l jU-5 Ja^: .^S/l j-dsJ y Ojil oUjail Cob ^ ^j jj^I J l ^lj a! jlc bl 

. Qj\*/3 A il Aj ^Ol Jl Aj>r J>l ® ^P-b l* J-L>sCw*ib AJ^jf A^b-ll — aJj J^ 




idlll 



(2-9) 3jLu 

aS 11» <^l (1— 9) aJL-J. 1 (J UT J^l .L*Lc <jyUrf2j o -X5 { y i p»^S 5ji 51 jj O' <Jpj— 
jl ^S"” |1 aJ'j tLJlj ^5"" ©JlL£ aO-m^VI (j 5ji 01 jj/? j,iil . JpUiII 3 01 

?UL 5jlL£ o^-lJl Oyj*^' diS" 0 O' jSUll J* . JpUJI $.LJ f Oj^Jl <^1 -Lai 



(2-9) J* 

lij .LjL 5JuU^ 0 j>3 J* olj j jI^Jl 4*Uty ' «jOJ Oj^j O' <-~£ ,|f *j 

* J* OjSw* Jji Jv c^jL^Lj 4JUi)l j*-~~ 3 j c£ y* 

o*AjLs£- 1 ■» ^ \* J5" O^^a*-^ to-’U^^i^Jl a*jjI La-Llp — ll (3 

(3-9) AJL 44 

>1^ oji Cxs? 1 P *Lj (jz j>? (^dJl jL^a-JI jL — ipVIj -i— — s* 

?LjIj ^ 5^ Oy^^ Oli^UJl Ij ji 0^$J of o^- J*^I j 



(3-9) J* 

J5^ 0 </ oJ-taj tiJli 1 ^1S\JI O' <-> j£ .V 44 JLA-I a j — * 3 

' * 

(O^J Jj^ cS-b-I of ^r 4 Oy^-^ fji — 

. Aj^L?- ^JP- '-* ft l‘-L>-l 0 ^j" O' 



SjUH (>&Jh» 

O-J-L^; t^j^ill ^UJU'^U ^*ll ci ^Aj jlja+ti*)/b djJJl ol^j ^LaOL>I L-i yu 

0 yiil oUu jf j U^j jk; (J J*- ^i\ 4 J jSfl aj jdJl JjUiJl c^*a>d^l .(^ ^ jaJlj (J ~*Ju)\ J^-b 

J UjLiJl j>r ^Jl j coy jiT^I o^UOl >J' 

.Ory^jj^LO*' -LJ^i] Ajj^j^JI ®jl ^y^“l **V' ^jUaJI jOL*Jl 0 j-aJl C^IaLw-s^ 



oL-JVI & gljl\ jUauUVI j ^^Jujall jlL^I 

ajj^ Or^J tbw? L-il-LfcS/ i y^t^S‘ jS'l c^*j1iawI ^Ji aajLaJI 4li>S/l ^c-LaJ ?? 

O^-L^- O' u— 4 = • Aa^^ l-if5^j djJJl V *)L>-P C-— J fijJ ll al j .» 

. aaLsaJI L —vLl ^ Jfaj L»^S^ d j-^L> ‘1 - -^1 ^OliiJl^ J? 5 j** o-’^-pLaiJ^ 

4A-jLj j^^Jl oL>fcJtJl aJVI ©-L* ^Jbv«J ,jj^>sil (j SjjJl 51 jj jia-iJ c-jt^ : ^’Lf * -_fl lo J’ 

. L*^a-i*J aLU CjLp j+m O^b AaJ^pt Aj ji CIjL^aaa^: I jOJl i_Js<XaJ ^ ^>"Sfl Oj'^otlll^ c A-jAA^-JaJL^i 1 (J 

#! fi fi 

~a& yz* Ji^LiL Aids jj j>*i} 5^u ji'^ cIj jUa-ui ^U; a^Ji o 




iJLliJt tUj-all :JjSt 




6 6jju ^pLaj 0^ 

jf ^ .ik^l fcjl ^ J»LiJl oli OjU^D (JUkJl J'jUN' ii\>- £ US' i^jJl jAiL^a 

jt J>^. .** jyJl « jJU)l £~** £ (£ j£ lA iL4 (A>A <£j£ } jZ cA j 5^j — j JpUJI 

* 

AJLP Aj^Ajl aJLas3I ^ L»5^ cd ..^.ll y& £^jb- b ^A j ^Jc-l^r it A 

, \ ■*> ^ yj * j ^fLfcL»S^ ciAb^ ^**m a*pLr«m**I p 

SjLuxaD SjLaAj SjLJI 

^pJJ . jjUzl* SjU JSv-A lS 1p aJ bLja> Oj^^J^flj Oj^aJIj 0 ^jj>Jl c/* J — ^ ^i 

0 j ^ *aU Aall ^-**^^-1^ f sL^li jjb 0 y > .si «Ja It ^-y.xj ^ rl , ojLjaJi AA (j oJLa 

0 jj jjp]\ aJLiS"" ^Uail 0 ^J^jjJl ^Jj^"" 01 • 3^* 0 j ^Uail ^ £ ^l+Js ll Ojy^+Jl 

AJb 0 ^JjjJl AJL>wJ <~£'\jla J Aj jU-w* iJL>* AJIj AA> wi aJj C^^S^Ijc* J^Lio 
V dJLLc V . ( _ r S"lju- ^jcC. ^-( 5 y* j Oj^Ji aJLT iUail 0 jj~S I aJO — T 01 .a- — :*- ji! 

^jlC. ^£3 J c Lfr. ~-fl. i aJLS" Oj^jj^-Jl viiii*. .aJL> A j>xJ- <^1 iLAall Oj j ~«ll jjj — Z aJI 

.aJUI j AJ>wJ AdUall A^», <fl,llj AjjL J+A A Of AJL>v*ij j jj*> J C 
^_««^, '> r~ J g « /j | wLLP AjI i t^JL*il JUi“l cuLjl jj ij ol ji J 3 j \ — c.j 

j* 

V cLi*3 ? la, ; . /ail) iiL* % ^p^> Ijjfc ,^jan «\ I 1 *>. ^ </a*i Lw^li caJ ^Uoil |».*** jrb 

s> > 

J$Lio iL^aii p-~^Jrl j p-^».'^JLl <*5*" ^ll dill! <U jj£- . AilU J>] <bl« ^ J J>*s5 ^Jj tO ^Jl ^y* 

AjjyJl <0*>U^UJi j A6%1\ Uli Jjlljujl Aiu^aJ Ui J J>15" 

^ = (m + + m ) c 2 

iUail aIiS" t^l ^ ^L^Jlj p-j^Jrl aJL^* W + J c J jJrlj AiUaii 0J — >* 

.m 2 /s 2 10 16 x 9 L y; ^ jUj U5" ** j** gy c 2 j j- ^S^>. 

j^ni alis s jjS 

J4 AJ >Jl ji j l«JU& aJL^JI J 4bUil Sill! j Silil ^ aj jL^l- 

J^-io .A^rljil Jj^j oilll ( j^a,».) ^giL r *> td^Uai! Silll 2JbS^ ^ jj 5^1 d^lil aJL5" cJl£^j lil .3 ?lL? 

.d^Ulaii dill! ^a*j 4d^U,l aJLiS" ^ d^Lsoii S^lil aIiS" cJb^j J^A>* lit t 

Lu!i ^AilL? (J^-^ i _^ c: ' S^iil ^ t^JcLjA? zjpr jj j£- (Sjj J5 — £ 

aJL^JI j\jaj 4 U j«^a IP ^-4 AJ A> .L^-i^«i ^«P ^ — Lp ail Ll 

L yAA- jL^ijl cajUS" o jS aS" U^ iiiT ca il5" blj camu 235 3 — j^aJI 

, ( j^iA>t^ l£j^ jbf*Jlj“>U Ajll? dib ^jA jJ>xl]l j! J yAj 01 c^. .dilll yA \ A-j^b" 

.Ajlilj 100 cAjjlw*A» oUjtjl cJb" bl 4<bUa> d^b-d^l — «• J — pUJ j 





Salll oU-cr 



bjjj U-^L- ^jjbj j( j^c aj jl-> aj« 3 jA~* aJL^j oUa* o^L*— JbL* aJLj 01 01 viJb^c 

. L y?jS^ U>lSsJO £?*-£ SbA-l £-***£ 01 fl^Ui^ o:>L»— oL* j> ^y^aA Jj»-Ij *j\3Z*~± .bJuiiJ 

?0jLixftJt Jl jaA £ja^ Orfi 

jtj jilj 46 ^Ajjlj 4 j^iJlj 4^ jty J' 4 4bli ? 0 j^Jl <j oLaU ^Ijll (J jj ^1 bl L 

o^lil JA ^j^oa iS J^ - p— ^ Jbrj bl) ?6^Uail olil Ap jl*a^ C~~J j oil' j> L$*-^ jA-va — * 

^ ^ ya Aiti? jU*juL ^^aJl'>xJw^ 4 JLjLwwJI Ob c 4 _JLp g.1 «i^a all AjyL** 0? y * — a 3 ._ **o>. 4b! 4 o^ls<a — ll 

^ AP yL*a> IaI y ^Jl ol ^lj f y*«jJl ^ <j^ (J-Ua- 4 jJwijTL^* L^J .^Ia Jlj^** Ail .((jj^ — j 

^jAj Ju> dJJj£l Jli j Ub jA Jl U j) y>r <j oU<2^ bl* (C>\ C^JOr j bl A) 1 4J^Jj .<bl — Jj 

olil 4JL5" cJlS" Jjb 4 ^jI-AJI ^y~-«»~OJl ^UsuJl <j oUl^ 6 ^L*J oL* (_£l cUJb»?-j jJ .O^lj oliU JL — ju 

•gj ./^ ^ j-rfftilj 4 yi’l 

ibtil j iblil aj jL~i* oUT ^Js- L}yu(jjk\£ J £d\'o j jS^LiJU ju&iJl ^Jax» 01 

^jJL>- jl J^^LlU Jjli jjP jjLj AjjJ oljUcijl Aj jj £Jji j! 4AJU-I jA OiJj OlT j) .oUa ll 

pJbj ^ 4j£i j .a:>Uail <blll j ojlil Ju djUbrl *l£L*t> *ij ^ c^tj A->- tu£j: 'y AiUai) y»J^* jiOJ 

j£\ Ja*j * yu ^Jl C^LLjJI 1^>V >- j 4dJL*Jl C^l jk I Ji j^O AiJUlil aIl-SU A^AjaJ-I Aj j-^>rV' -A 

.(Ajjjljjl ^ j>«-Jl) f j^wJl dLJi\5" viji-l ^L^-Nl 

(4”9) A^wt4 

£A jj 4oUail iM JA kg 1.00 aJLzT j 40^lil kg 1.00 Aif" U ^Oa>*l Uil Je> jIjlS 

?d^l0a-4 fl^L* jl fl^L« (_$l j Jjfc ^djy^lll 4ilLi! 0 j5\l^- ^5" 

(4-9) <> 

0bjjL»J> jdL^Jl oSf a^tOa-* d^L* jl d^L» Jly-Jl Ajbr'yi ^jaLwM 3 

2.00 AJ^brl (3 Ala j>«Jl 1| A-jl^jl aJL^JI 01 4<Jlj— Jl J> <J j^l |»-*^AiJ A^^jJlj . ^Jtilj) 

C ^ ^1 f j * -^ 1 1 ji jaXijlj immA jA} ^ ^ ' " ll J^> L «««j l A XaA^ ^ u^j:. Jb — )bj kg 

y* J>L) £■ «lUl b>! ky^dl .3.00 x 10 8 m/s 



E = /wc' 



8\2 



= 2.00 x (3.00 x 10°) 

= 2.00 x 9.00 x 10 16 
= 1.80 x 10 ,7 J 

Aj')! <dif (_siJl AiUlll jlaujj'V jy^Jl JfJl {j* • J _j Jr I tjA i ~ iL y^ 

180 _jl lO 17 x 1.80 j-i*U (* J '*^'' (.M*” *T ** ,ya — 

.cs jA ajl_ ii^Jb jio 17 x i.80 joxib ibj.1 aiyi 




4j,ijla;'l tvLlI 



(5-9) <ioL4 

<L~S: jjL-JI SjL, hj> SjU-SjU jJpLflj ij asbaJ. 1 iilJaJL; li) .1 W = 1 J/s 01 j»i*j 

“s^Lvil 5jU I Sx. ^ Li w 100 Ajplkvl Jy* rU. ijW ii\^S\ »aa o-apaaO 

(5-9) J* 

OJJj 01 Jjl) rlj OjAjL* ^L*all Apl)a~.A ^lp (J OjAjL* A>lii!l A^^S"" ^ - - • 

olA>- j)\ yx-^*x-xp 

J/W = J/ (J/s) = J • (s/J) = s 

olJo>- jJi JLlp qjaw^JI 4 j-a a : M UajI . J j-^a Xi£ 

tioUJl jIApSU ^ yLJlj .jIap^I £* sjIp oAatAJ.1 (x) aL‘I 1I tVj-vil 5 jLil aJ jUllj 

I*** gJl jlyJl jap t s JJs 3 ( (W 100) c Lvi! ak-(* ^-.. 11 Aplk— ^1 P 

to jl • 3 * ojIa—ojL* Jp lii Ala~0 jj a^alLI aJ^JI AolJaJl p tO^^O ‘W — 100 j-Lvil 

OiJ-U .J 10 17 X 1.80 



*, = E/P 

= 1.80 x 10 17 /100 
= 1.80 x 10 l7 /10 2 
= 1.80 x 10 15 s 

sJLo J 60 J tAAVAjI (j aJLj 60 Aj>rjj V*>li'0 jju— Jlj OjAJL* U» Jo A* L* j t aL Jo oAa 1 

31,557,600 -^rji <^l ■ //> ■■'* aa-Ji tj ^jj 365.25 t3 spL^ 24. Oj tApL~Jl (j 

lit .oJaJL ^L^il <u s^^Oaj t^JJl ^Jl ty, .*a~JI J aO 0 10 7 x 3.155 76 _jt 

^ = (7(3.15 5 76 x 10 7 ) 

= (1.80 x 10 I5 )/(3. 155 76 x 10 7 ) 

= 0.570 x 10 8 

= 5.70 x 10 7 yr 

t(fc- 100,000 J! tv }H\ J\) A>U (.13 J Jl Ji jaJL ^ijl Ljy bl AA- OJa 57.0 <^t 

. Jp-aJI tvllLi ^Jp 1 jL»apI U aJ jpJ.1 a3aJI j£-iJ /Jl _j 

(6-9) ilLu 

ojtll a_ 4" tlflj kg 2.00 Jj vOpLsAj Ai (jciL-JI (jjtvJ.1 (j oilil *L AT 01 •**•' 

?5jUa> sjU j! ojU ( _ s iA- Jp ?o JillaJl A-^T U .kg 1.00 I- ^ a*a A) d^Lt^al.1 



(6-9) 

.J 10 17 X 1.80 <j\ jdL«il (J ijy^xA ! AiUaJ! 4+sS 





S^lll 



*41^1 of jp J&S .(^jdL^Jl Or^ J yiil) Sill! kg 1.00 l$ a~. 



m+M 



.^Ulaiil 3 oi ^L^Jl <3 jk ^px>- 3^^ <3^ ®^ll! 3^ 



uj 






/jT> OryjlJl 0 O-Ui LjJ^: L*JUP .oU j^S3*)fl iijlAxJ clg-OaJU £• JLxJj jf ^>tjjl «3a:*«J 

® J*l$ OP 5- Jj^P (3 3 3 4jr, -p > C (jP 3^ ^l! 3^” JI 

. <La1i>*JJ aJLa^SO' oLS" ^ll k_3*^/T 4n. ; )a l! 3 Jp-jj . (jjps'u^S^j! 



! £i> 

. * » % 

AilJaJ! ^ l»v Lfcjl)apjj) OLp-Sl! (_/^j 3 ^ jf *^*P ^ L^ W .L l li*F^<* ^**0 f i - ^ ^jll 

* * ■ J * 

lil , ( j^a>i Jl Lg-siaxj ^L^S' J&Uzf £+££ 0\ oLS" y* 0Utf wli-^ 01 — S"" lil 

oLsj^I- 1 il^-l ojl *, .<L>*j| J\ ^cJlpj tO jUl ^cJLp Ijlp A^ttjiJl o jjjuil 

3 jI*«-Aj! .ojl ^p“ J ^ 3^-*^ L5^ 3^1^^ !3ft j .frill jli£ ! g <* 

y» L^Om.) *-* ^LjJi olji il £-\ JLLP . 4jbl ^-io jlJoO jj ^ ajjdl j'V 2L>t^ w aJl i? j J ,t> j! 

<* 

.till ttS j^r Ua^w* Ufljaj^ (3-9) 3^-i3 4^Ul Q’ tn . i ii <*i ^ ^l 0 





;ua*ji ftbjjjt *->M' 




* % 



JS" j^£a .U Aj^£l 1 ^LxJl <j\ ^ JSLio cUjI^ 4 *:>Ip oLS" J >1 ^gjaJ 

^lil l)j^j ^y^Jj .Ai yJl ijl y*“j -la* j? <j ^Ijl^ <^ 5 !^ Qy* 1, -«~ ^jVlj jy>rjjbL — ^l 

*\a jlfc tj^JLLl (i 1*11 j JpliiJl ^ 131 cyd] ULA ^ j ^Ji Sjl JA ^ L .%‘L* l ^ - •“• ^ * -1^ ^ ^l 

^)lp«-*Jl ii-fc ^y2Mj i,_ d-il^-Tj fcX? 4y^J^ .A>*jl yJl ^lUP^j 0^-L5 \ ^IdP jlp yP ®^l*P f-lll jli^y 4 ^jJL»a* cJ^**^ 

dJUb K j' 9m \ ^“/3 > Pi .*lil ol Jai J^LioJ c_il3" j£-Po 0 jl yJ~l A >- jS OjaiPM 131 JjL- *1* J] J y>oJ 
4 j>t O-^ 5j>t jjJ a jl yM 4j>r C.< 4 A:£l 131 IJLL?t jl L?sJj jl IJLoJsO* ^Jb AlSljU^ tAJo Ol^_ _JaJjl 

.£■11 1 P_*Pr 

!3| 4AjL$JI tj .5 yiaP- iijj£ tyUaJ jl y£l*il (j-* ^ y**v i* — -aT y I 

.liUl^l t$jl y*f y> O j£ Pi iilljj Jj.,h::^ c^jy^S' jl-yor JjP~* frly* J+ V^" ^3" cJLiJO-l 

*d>4 oswi lyiy>*l jJj — ill Oyy*J>' Jy>- *dj 4*4 yjl^ ^y 2 — ^ ^^ *■**,■ ■ * jl 1 ^— a< 

I ( j^sAftll dJLft <jjPj*-l ^ yj> y* ySb> \ . AjL^S" 
* 

PjPjM . j'y 1 -bJL^rl Jl>wj L#JUp lJUaJi .t— j-*-U y>“^ £jL£ dl ** 4 j-* fP-*aJl 

jl 4_Jj dj^y yP a jLp Jb Jbi-i lJL/5 ^jlp (jxa«-*-*5^ jSf l j tC-^lj ^^L*j j jJ j3 b-^JLy? ^>r jP 

it 

^jS /1 jJpLdiil . <u15Ca>< ^Jl j^LlilJI L*Lc j-,.,fl>j c A. I p $. 1 ^ — > 

.L^-Alji-il wAjp J_P ^-j j^uwJl 1 j jj Juil jL^I ^jp jSLio 4f.Ja-j U jJL^-Ij 

£-La j JT dU3 4 lA I y* y- — *^j^>- JpLaj 

,<wJa 



_> Jp^- 4 lad) 

«• r 



J 



iiliijj J (jLftj ujljk jaSI 



# -< 



IJL^r 'y lj> f-lli iO LS^ ^il zy J5 j^lluJl JslP-l 4 -jI y»r^ A-^5^ l*-4 aJI j^r| JppP- jl 

• if j\* Ji J-^d c tUf Jjj£ wUP .Ajlyr^l oii 

clr 4 -J j ^ J I^U jA ^ j^\ 

UL*tJLi u-i-sPl t( jM l ^Jl /jA c^y JI j jLw*-* J5^ Jy>- ^-iP- jJ-i--- p-i iji ^ 

s’ 

Jij*J J-lP JSLi, jJil y wlili f >f «U! Jl ^jUJI Jjtflll ^L. ^ (JjJl^Jl J— , 1 / 1 6) 

AijUaJ (jw^bo. jUai Jl Jv» .(^‘b j £. Jt jblU S-U^r c5i Jj Lil JJ cl 11 

^1p a] j^» a»^Ip AiU- VjMp jli jt V-6 OO jIUj j ♦ AP^va (V - 12) JaJj — »“12 

^lil j jjjp jySO^l .(Aj ysdl aJbl 4i^^P o jS ol3 AjjUaj ^JLSbU*J \) . J-~ LbJl 

jl jr 4 Juc *A 2j- olplii UJLlP <J jl~* . 0»l yUJlbw 4 jw2j l ^ Jp ^yJUxj jli^Ssj 

jlp ^ ^r^ll ijySCJVl j^Ip bplpUijl j >c ^>-jjJlJ> 1 jlp ^ c-JLJl ^1 p o' — pUaJI 

olpLfli l olpLfli jl 4_^y jl ^J-aJL^I .((4~9) j\[l 

j^l 




SiUt OU,»» 



12-V ajjU* 




.Js.JA\ J 1 + - * (jC. Cii^p 4*^ 1 *L 4 ] (JjlVtll :( 4 _ 9 ) < 3 ^*^ 



^ — Uj jJjJl ^1 M >*^1 ^ j*^>- <J — ^ 

AjjUaJi a.>jjj iS^ V 12 jl . ^Js- 4jjUaJl C->Uli j( \ £^j — J V ot 4- — £ 

.SjvJaj*- 0 ^j^-C j 4 t ju-i^j iii-b dlS"" 1^1 \-l>- ^JIj oJu^ l31S" 

* 

tiJUlj J5*1j sJa^^fU. ti* jJ J-a^j (4-9) lJ )L$Jr1 J 

4l/ ,U u^rjlt a_)^V' LS^ - ^ (>J— 

fi*- 

JL>*Ij . Ljajl ^jjlfxjl aJjtil L* l 1. A Jst *^JL if j ^ Ju 

* > 

<L£lJ\ LLjLS ' ^il j) .jU~ll JbJL>* ^JLp jJLLJl » jj L^ilj S^jjt 

J J 

4jLjJaJl dJLft L-i y&zi+M j 4^ili 3 .4-flJaj jIa— llj lLUL-JI ^v* dX* Xu j aJL/j cl^>L5^ 

^Vil <j ^jjjlll jljl jj ^jL J^" 



A£ 4Jl^i ^4 LajIj 

*x>lji> XjMu >U\ ^a OjSo <_£jiJl t^lil <.<jjj3r Mil 4 (3-9) JSLlil **. 

# * ^ 

£^jjf * <3^ ^""j^ -1 >tj-> l> \JLp t <^JU j+a . jjl ^ _jf obj ir' 

O t02 >* L>b^S/l J S'Lfy*’ cii ciiSjJ >L y> jSU l£ 

H 2 O i-if j^r j* jl J OVj 1 ^ ^ J*" ^jK^ajLs^JL* J^-iu c-J 2 jC-1 — JJ 4(jOfw. ^*J^' 

3 fj ys^S* jS/l tulji 0 j^j ’t'iSj^ Jfi' 3 Oy* 1 ■*-* ^ j^ Ov^ Jj^n — ^ j j— ^ 

l)L>-^/! {J “^"Ji *0 Jj* jJIj f.(_^jj?JLi ji-U iJ 1 il a i jl* >-S/l 

^Js> *^***r^^ (J b*L*JLAl ^4J1 (jjjjSllj jlill ^PJb . 1 g., .'-?•< £• ^JL>U>» 

. 0 3 




ii-Oill tUjjfl Jl :JjS< c-»gi 



230 



► ◄ 



V ◄ 



y a 



y a 



y a 



y a 



y ◄ 



► ◄ 



aIjLuo j t|l| (J£uj <..** \\ ujpJ] :(5~9) 

.Jaia J* AjjliJI djtiij^ll L^Jal A-jjtc- j 



cdjl jiA cobji UlS" .ojl ^3-1 yi-l <p ^ Ju-jJ .^LJb aS - ^ >- 5 lb- J o>bj J-l jl 

dUi j (L-JUtf ^iy: j LUaJt 5JU-I <j$ c^bj^Jrl j j£j .oL^Jrl aS" y- o^bjl 

J^dJl) £>r\j 1)Laj La aJULJI ilb-1 j oL^Jrl jJj J .((1 -5 -9) J^dJl) j \ jxi ^ $i 

,*-* Ax-lJ j tjjl * «ll Lg j?»> £-* ^L>tll] C aJLS^ jbsll j5 4jjl*Jl 5 lb- 1 <j oL j Jrl jju iJ '((^ — 5 “ 9) 

c5JjL*JIj tA-J-vaJl ^L*c>rS/l -5 — 9) sJjL- — Jlj 4 < 1 <^3 1 1 »rS/l 

.Jbll JviiJl J ^jUJlj 



fiilll oU..^r J ,/i aJ 1 




aJLi *0 a-j Lc 1 lij oA*?r O^^j . Oj ll Jjs- 10 a (J$ ^< 2 jJl (J>i ^ & 

& 

. v.bSJI ijU t) 5i b yr)JI 0 ? uip 

SjjjJl aL^JI L* cc^lj j jy 3 jl^vi j <zj\j ^ ^i^Jl 4jt^*> ^ 1 p {Sy^- Cn^jj — ji — i^j 01 j — iaJ .1 

? ^l*ll lJuL A^J jkA\ 

amu 7 (a) 

amu 14 (b) 

amu 49 (c) 

.c->L« ^i*il oO-a y» N (d) 

01 0 l 01 j&T .4SUaU jUfciil j ^>*N' U^» JS" X-JJ c0 yjjs! X ^ ^ — *- (»jja-va — j .2 

X p»£«*"»'^r'l 

•^3rijy ( a ) 
•bjs* ( b ) 
.Oj^Jl (c) 

.^Ua» Ojjj^ (d) 

obj^Lill 0 .3 

. C^l^>-L]l iy y O^^j L*JUP b j ££m*a ^j\P 0 cLa«A^-^J IS** li| QjJH***^* C a ) 

.oljJJl (*£ y <3 O^^j L**Ajp d jAm^a 0 J La jl>- jJ <*iOLf” 1S1 o > (b) 

.i? j^JiJl j 0 jkL^A (C) 

. i? j ^*iJl AilS" j 5 yii~4 jjp (d) 

s-T >1 olji .4 
.Su^lj si^; iljLijj' (a) 

.oL yjjS\ iijLijJ (b) 

.oUj^JVl iijlijS (c) 

.oU j^sJl iijLtoj (d) 

L«J-iP OjjJ A-*>*jL^-! Aa^Jall <J$ oU j 1 -i-LP 1 4 ,^3 — 9) ^ (J$ (3 ^ .5 

^ 033 *^^^ L^5"jLio 

2 (a) 






ija&Jl *1^1 : J /it 



6 (b) 

8 (c) 

10 (d) 

-u-jij iJjJl Li jl <L&b3*i.l j*oLm}} .6 

,oUy_)jJl (a) 
.oUjyJl (b) 

(c) 

•cS>J' (d) 

ja/3’.m.\\ dl y j Oli ^JlP .7 

. j^A^J (3.) 

Jjj' (b) 
.^sO^fcU jJJl iJjJi (C) 
.AjjJlJ) (J yS\ (j iJbf olj ^ <d) 

j a!5" .8 

^ oa-aU j&\ (a) 

. 3JbS" ^ j£o. (b) 

.0 y}j!h 5JL5^ lJuaI? (c) 

j* (d) 

l jLp djiil aJi* .U 16 dilc j c 1 8 (J boJlp id jP }i\ l ji> b-xJ Ail ^ .9 

•v^ 4 (a) 

. iwJL- jjjl (b) 

•^r^* (c> 

.c_JL- j^i (d) 

oUL^Ji dJlft t_3 j*j .oljJiJl ijA Liili£ Ip y 92 l_J>LJui5" I Ajj JJ l Aj ^J aJl $,LJl*JI Iju Ujllp .10 

dJb yljl 



.oUijJrl* (a) 

D> J 

.oLT J\j (b) 
.yOidlj (c) 
.^L.db (d) 




SjUU A ^y i LuiV I 




y* (jtj 4-JL ^P^fij <LJL» j jJ^ ^v*J -L> 1 -L> g.1.. , ..-Q^L ft Ji J, a pi 

^)aiu C4j ^JflJl dJui> liij 'jL+^J ififjAfj (fiUlj (i^lylfl ^v?Lp 4aj ji 'S\ 

J* ^Jys^\ ji Aj Ja Jl aJtA .aJb yiii tg-/2jUa>. il j\.\ "^LaJl" 

. Siil>- f.L*JL5jl J j-4P c-j 15" clil LJiJj oJJi jA-j .c-jjJl ojjJj <wii^4 i£ JJlj 4 y*,. „«„, 111 




100 AR L# £j!a}\ y^zSjXj* £y*y S.U-UJ' jJ 015" l* , ■'’ 

aJL5"1j ^ydl jl UJl t5JL*j^il SjlLaJ-l jlJ^I Jju . I-X-^S" jjp ^ 4 jj.* > ..flj 

<3 s—* l jJi dJLdt*Jlj 5il jji-l O^L- lL >>- ^*- jr^jp ^J^i.,.. ...^^ 

Jjjipl j AjJLiilj! ^jjJl f-ljV' j* ^Ij jP ^P ji Ipj ccJ> ^JLi J — 5" VIA 

f-Uip >, .i Jux5* ' 4 <LjL d jj^jull JiC a^JLaJ^ 4-*5"\^l « */? I L*jllp 4La~l*j^ 4j^*x^ , 4 j L J 

# 0^L«JJ 4 >,», » « ^>\ ^ 0«XA Ot \ yA*~S (. j+fi\li£' 4ajj! ^jA ^ ^ 

^v’LxiJ la*.^ J^-xj <L4Li»-* <£^3 . pLJLwJi Lftjjir ajLJJ 4*^0/ <z*> *¥(->■ 0-# , ^-;;'^s#^j'... j 

js= % . ^ ;5^v^4'?.- ^ v -. 

4jLL*) ^JfL*Jlj c(^-->l^ii] 4jLi-*) i^ M^ Ji L> <~jj*jj jlybtyb Liajl o^yuLl o-La ^,»„„.„s»J£ ...t 

4(^uii 



Jpj*Z ji jt 4 
<ii*f yj! 5j! 



| aU]| 

jotll ^ yCJ ji bl l^l5Li ^ip L-JUaJl Uj^i? J oilil JA 4j — 

’ A>*J^ (3 4 JjZ * • S3 ^ jy*J . 4-Jlp C->L?r j-X 1 * * J ^1 jjf t lg»^4li,..J) 

4c-— ijLij aJL>t ^JJ «x5"jj tlJUaJt ^Um9tSU 



;uu*ji fruyii : j fi\ ogt 




sj&» 

t4. w . C' * , l t y?jl L*U-iP lill ^AjJj ^JaJl dJL4 1 j j ■ ‘ l-.^ll j*»**Jrt (3*^ c£~^ L* 

lil lili ?l**lyjl SjIpI ^ ^ ^J^fl J JV.JU- ji ^jSlI J 5JbS0l ( _^_Ju- ^ 

Oj^j ^jlj^rl . * l:.^.< (J yi- (1)1 l y* *)lJu ^t, L »-A ' (_£ijj *XS diili ■, * l~.,)a.fli j}ai\ ( y» Ijlj^r ("-j jj^> 
Uly ^ilj iHiS* 4JL2JI j6"\ <j j^*SI \jj*j $4,*Ja«£, j^jli ^Lai ^jP OjLp oljJJl 

jL?-Sfl (j ol yil JjoiJ LS" J*>L- j,- jjjil bLaJl j*L*or^fi £-Jai~J \ ISli .^j^l Jp 

ll)l L^jI ^uJiiLC. j^jli C23 li] ^r\ 0*}l*Jl <j jLil L5" jl ^>rjUM ^1 j3tf,ll <j 

• ^>6— J J*^- O' 4 y* 

J ol^i JS" oj .U_p- L.J 0>ljiJl (_yj AajIj j4&\ g£ ^JjJl 4 jcL? (J5 (Jl^—*il lij& ^lp ^-r^l^^rl 

olS ^L^r'^fl LJta jiLiij .aJL* Otjo L^ju^“ 4j otj j {j* 1 olJLitj — o jOjl> <lat^ ojiJl 

<_jI jl SI oJlS" LiS" .(v^ y _ g> j- 4 jl ^JL.-^-JLm) bJoiJl aIIIoHI aJIj olix.t ll 

^JLp L ojJJ l)15" j) uiilU .^SDl o y o^bjl LiS" Ju^>\ L^Li*j j* b^iJl J$ jUjLiLI j\**~ ..,4-1 
,<uiiii£ ^Ll ^ jS - * oL>wJl j! 'SI cLJIj < pL>- oJtS" IS] ^1 <u *D oijj, tSO'SI 

.jS" jil oJb*fcl4 0 ^ 0 £ ol ^Jlj aJLJl i-L>»jJl col ^jJl ^3 5-^f ^il 4JL>*^j! 

c j-» /3P ^5^P C-LSj ii-jlj cii C^*Jal»wl dX> I JLA J 

J^LiJl) SLJI ol ^ jLf jS Jub- 4jlS" ^ ^ja*Jl j$ k**M ?<j jl^ o-iS" ISLi yt> ^-^jJI ULa 

til «-bnJO Q^S" jjp ^Ja—il li-A ^P 4jl wX^nJO O-iS" . ^ 1 ~ 1 0) 

ol ^Jl jli j c 5JL- bj>Oo 4j ^1 ^il .c£ ol ^Jl Jl j&-\ ^ I — «J olj 5lll 

aJL- 3 ^ja.^ll ^A*-* j t^jimJl iiJJS jl c^jjajtJl l ^ ,< an > 

o ji-S" bLAl j V j cJ^-ljJl j.- p jli *Lai olS cJp'SI ^Jp ol ^Jl j .oli j co 

.aj^LJI ol ^^Jl aJL- 3 LLf ^lSC>-lj ti .ol ^^Jl 

ba.jLJl l 




oLall diljSl A„v>> jULl AajjjjSJyi Ol&flall ^j jSj 1^1 10^ 

(jS > M l ilAHjA ^jyj^il ISa^ . ^1 S "k L A a 



5iUU 4--.US' O^U-I : jJiUlt 




N (^jJi Jl 6 ^3 ctJU ^JjSj 01 C_- C Jg*o*s ? ;ii <J J?1 J-A ^i 

^ ^>- Jjl ^>-Nl <0*^31 ^jA JbJjJl Ajuaj^\ (3 blij ^J^Lio LfrJa.»j j c 

.fri >ir oijip jf i*uir y\j« jj 

4 Ja»j ft JjU AuLli fti&A|JI 

Jl£-il j £w?lj oili 01 .ap^X>« J Jsu "^a£s" of «J J^l A-UJl fU_*-Sll olj-LJ J_i0: 

.t-jpil (Jll— J j^Jl JSLiJl AvaU^ ~UJ .Sjikstll Kl^ai) {j* (j <^Jl oJ^LJl 

AIaj bJb LL i) j^Sjj &jo\j AP^il* -XJL^rl Oot j^Ij \s> 01 ^Jp 

. A..««;)?ll lJ jJaJl olj jJL> JujJ-I^ 3 \ ^li ^yaJtJ y>*JJ N .6 Al*w jt tjjLP Ai~- jl t^*>Lj?l 

aJLs^JI 0^^ Jr^- 5 ^-pU JjJo>- J ^Jp ^l?rjjl5^ iljil 






.l^jDvbJ A»y*ljJl ^L^l ^Jp <-£ j-^l il^ 4 ^i«i^i*,“ « w L»-Lj cA»*plj d j3 y ^Jp 

(.aJIS" O jJjj 4j ^0? JJ a J-giT 0 jL* CP C~J> y*J jJ . 4jus> aJIJa. j ^Ji aJJ< 2 Si ?rS/l 0! 

\ ^y* jt£l *j\ 3» \ j*SJ 01 fL-Os-^1 yA ^^l^jJ^/1 0«Xi . ^^2,‘>tSj J 

aJLIS oL * a01^*1 ^s * jJl ^Jp c^J ^jS/1 aJLi ^/b 4 ^brjJl j — zju . j*** ^jj 01 

oJLilj ^IjJl y-* oL*l^*i^/l oJUfcLi iij ^L?rjJl aJ Jja 01 $.!j^-\! ^1 ^JL*jdll ^l?rjJl 

t ? 0 

,s5U5fJl J^Lio ^.vaJ L*«^i t 01 ^ ^ ^ c^i^J ^ .(^.ji-i^lp (3 a _jy^~ 

aLo-j aJ ^1? o.;Qa)Ij AJjli- 4 J jla , JJ ^jli ^iaJl ^>*L>«-Jl 0JLL*Jl 0 j — 

^ , 

jiS^l -X>-1 e^A-Ul jyju . {j)AA Jo>- (J»i ^Jp A-wwjij j-*Sll (j.;Jfl.*«j . (A^ J a Jj JJT U jJ j 

c-^a-UIj A^Sl' ^Ijjl jsjIjL^ j! aL^-j Ai^i? Oi^ A-Lli 0^l*il 

N j tplll al ^^JL p bUipl oU- jJb ^ J>S~ .^^JUlj Jai\ li 

.0J-L*» (J.1 aL ^ jl AAaJj jcjU-v^ (J.1 A3 ^1? 

C-^AjJl 0^^ *°J^ C5^ ^1— ^rNl jdJU (3 aOjU J iA__„ jljJj C Ajl>Lj. * JLoJ *J 

JwO-J-ao^ td ^AliiJl dJLA cJ® ji^-1 ^brjJi ^t3\j J^OjJaO . (3 A-Jjli^ AjIjJ j ^ 1 llj 

cj^ bl .Ijl^" Jij>- i wJtji--lj ^JLil ^J^LrU (j^3 ,^]*>L^Sll ' ** j a: ^ ^ ^ 

Aili Cl 31S^ C_^jJl j\ C^L>«jJl jl L T’ br jjl bl lljj^f .ijjy Jsfj liU It^-Jj- 1 

^ ^ «5 ^ 

CAaa^* d j\ A^r j3 ^ ^ Aaa^* ^ aa<Jj 1 < ■» ^ bl L J Ug i-^-AAN^r *i • - " ^*' ^ ^ ^ ^ >1 - ^ ~~* 

. <3 y^*-*** 'w— 01 (^1 taJ-wiAS^^J ^ ^j>*jiijl^ 

A,.iL^iH ^LuAVt SjLmS 

^J^sJUaaII Aa^JI ^JjLm- jjl ^pJj J-^Sll ^1— ^rS/1 yA Aj*>LyO ^S^l A«L,a)1 *1— ^~S/1 *1 0| 

* > 

-10 (J1 1 oU-jJj aJUsJI ^LaO!-S /1 Jlu a! 4 (Mohs) ® jL^l ^ jwd3 



iuU&ll frUjjflJl : J jty vM' 



I 



*JUJl r L^rS[! J*ty\ alJipSfl jLjj >^i *JUJ! f U^_^l jiSll *U_pty 
01 .14 av?UU ojL-iil ilopl £• Mohs j a-^L£I 1 ilji! (1-10) J Jr! 

^ (2) J d Ji! <_£ y- \ U diU dill! (1) tjJjL* (^ip JL*JUu j Ja-^-u 5 aJI jL I>-1 

• ! g ^ ^ mjl 0il«4 ^ ^ i iJbl iilLl 

i_.j[yall *>«JJ (£■! . , A^r jj! jjj-i apLu^ 5 (3 (_£ jia O'Xaa yj jfUa.il ^1) jJUbj! jyju 

Jjyil-U ^y !•* J,! ^*-«j! >. t*l* , J~! ,^y-\ <w« 1 */* o jj ***,*fa l ! ,*xUlj 4 .*** aj <— • t ^ la J ! 

t jJj! j$3l j c^Urjj! ta j L .Ja. l l o-ji diLj £-* !^i .^5*-*^! jJrl Oli (jJJi £-*j ?(JCajL«J! 

c 4 gj „ ^ 

.<_£ yO obi*] 4i* cjLIp ^JlJ- Ui j i_J.ya.ll jv— Jr! o jL~i JbJ^ L>Jb 

^j^baj^-b t<bbUl UbM j il ji! 6 j-* 5 jLwm 3 ilijJ .djl ^J-l ^JCj il jll jj-* 0jL*«3 ibXpl jJc — J 

* * 

t^jUl aJ->- J$ ^Jalj (_£ ji? t^JLya j^Or 4 j 1 .(.iJJJJ lj-ar JLJLJr 1 j tdjlj J“! * ?rji 

<« 

L-^li c-li! jJL>t c^jLail ijJl jS jjjL c-jT < (Charon) Ojjbo ^Ua — ^ ^ — Lp ^ — SOj 

.(c~Jl y*Jl) Olj-^aJb" 

A^Xyufl ojLuisll .^jjuiaVl jlj-&ll t^jic-Vl il^C-Vl ft jl > U ^1 Mohs ^jjljLa t(l— 10) 

oJLa! ftiLa <1 j\ A A} 





^jLjaiSJ >jS 


JAAllatli ^yii 


112 


Uub 




116 


Uuh 




110 


Uun 


ji 


118 


Uuo 




114 


Quq 


{■Ji^Ji 


111 


Uuu 




92 


U 




23 


V 




54 


Xe 


u>yj 


70 


Yb 




39 


Y 


fJiJ* 


30 

/ 


Zn 


^tilj^i!) eLujjJl 


40 ( 


Zr 






SaUli IL-uty O'iU-l : yi>ult 



(1)1 .(1 — 10) (J iJjJkll jJijJl il_^ll y 5j jc£- oLut ^yU- ilaiLili 5jL*i3l yiSj 

J 

p-*5 Oj^J .(_£ jP : -\ ^i iOb* ^jA 4JjJtJki O-’L^-^rl ^jA \s* 5 j£: y JL^ kA i*^Lp yt -iJ-f J 

0 <* 
tUJ^ cr J ojL-siii (Mohs) C /'W* > ^i .^Laii (J^ ^Ip :>ij — Li ojL- — » 

,ojLw«ji]i ^Li J JbJL>*jJ UL5 j| Li Jh £.LJbJi yA JUJijtli L j'-.^ > a 2j 

4afealt 4ilis 

Ji 43li£jl (J jL~J <j\ .yj^A j ot j£\ oL*l J* jS^ 3JLP 4JV^J i-JLaJi j*— Jri ^-Uj 

ji kg/m 3 ) ^xLb fl jPjJL^JL (SI) <J,j*bi fljiiSl <3 ^iLiSsJl ^LaJ ^Lp \a y ~> ..a a aL — ^J i 

ym- Xs>\^ JuJ \J J jb£ <iJj! Jitf- .aJLaJI O^LJ-i pfe* j b* L^j y \ jll w oJb-J i i\ .(kg # m‘ 3 

cm 1 4-j^il a*Ioa]1 oJla ( — i J ^L? c^-^t ^L>* ^Ji ^**^4 4-*£L* ^xjai Ls-b ^ — L»j 

.^Ul! ^Jaj>0 lJ* y>j Oj-JLiri *j £.L j 4*il ^Li* l5 ^ jP 
* 

LL»_P V jiJLSij N~b (CgS) aJLj - fi^P - oJb-j jlp-Sfi j — f 

(cm 3 ) yJ^A 1 j ol j£\ obi yJi 3JLP 4jl .L*-LiJl 4J jjJi oiJb- jJb 5 ^U* 43b£ji 

t 0 f 
.(g*cm 3 J g/cm 3 ) Ly^SClf y*jzL~Jb :LJL" Sjl>- ^J i oJla ^pjj s\j Li ii\ Li 

J^-io j?*s \ Jj . 1.000 c-> ^-s^i Ci^J^li j^Lb ^i Jr Ji c^J^ii ^ UJLLv>Jb ^i Jr ^jA 

.0.001 3-Uib yjs>\ y£\*A 

* * * 

.iJb»r eJuiS^ Uiajl JbJL^-i .lJL>r 4jLi5^ yp\^y SJLyaJi ^bw^>»Sfi jb kj-bi Oi 

^LiLJi j y*i^a]\ AiliS" rbfjb .Aijytii J^Uii ^.)a*A ^jA 4iLt^ Jii ,|Jb^ 

.IJbr UjST C~~j ^Ll^^Ji ^i ^-Aibi .L ijs l fjB ip^aii 

:(1-10) &ma 

fl >Jb ojii* 4^1 oijb AibT ^ U .0.543 kg Lfd5"j 45.3 cm 3 o^U ^ 



. i — -*fx.Li 






_Jb 



(1-10) J», 

CgS J SI L^ ^ C O-’l t yA ^^y^ljstj i 4^2 j ^P 4JLw«li aJi. _A 

5jb*Jk.i .IJfl^i , 4j4$i^I A d^iA>-^il kj^^J kji L— ■ (J <11 

aIi^JI ^Sj LIp Ait ^ Lib> .^> Ji fi>^4^' J^bj ‘CgS fife 

j\l c^J^li ^.SL.Jb fl ytib 4iLsjl JujJ- j] .543 g bLJi <Js^ Lfej (jS Si 1,000 ^ xib 

v j m j toli^Ji d cJL" iii Js' 4ii^Ji yu»& 1 4 b «.«■"’ LjL^>> SJLyw* 

d = /w/v 



4Jbb| oJl* 



rf= 543/45.3 = 12.0 g/cm 3 




h.x\iA\ *1^1 olJl 




. <b*Lfc flijl Aj^b jjjJjJb i_jl j£?\ < o ^ 

( 2 - 10 ) Xl— 

J^Lp j V jilb ^l J P_jL5l!lj (1-10) 2Jt— il ^ ojjljJl 5:; !*) I 3ili ■ ■■■ --> 

.SjljJl ^ Lb I .(1-10) 3Jt — It J» J 

( 2 - 10 ) <> 

10 6 j' O^J-* •Xptjj .^x^L* jIa J,J <_£' cSI o'Jj-j jl J ij£ bJ — 55 — i 

^La-* (J,^ Cgs ^btll '-1 * ^Jj y£- OJj 6 Csbi-5-lJ . u^S^ll ^lll (Jj \^j^a 

jf c45.3 x 10 6 m 3 p— < .10 6 ^-XaJb ^ ^OaJ jl 10 6 Jp p — *■ £ > O' c SI 

:S p*J4 ^ aL£J' Of O^fl ^bU' j^JUJl ^ jJdl J 4.53 x 10 -5 m 3 

d = m/v 

= 0.543/(4.53 x 10' 5 ) 

= 0.120xl0 5 
= 1.20 x 10 4 kg/m 3 

.C^JLaJI -Up jf A?*^ Jl jj jJliib jla v' lJL * j 



uL^Jl ^uaJI ^y^ OmLa 

^ yA V45.3 cm 3 <as>x>- O' o j * j 01 b^jr j\p 3jbb*J' aJL—II <3 Jrl O' «a *J 

AjJLpU j' ^b»lS" b*^* j' 41*15" 0 j5" 015" '^1 .ib£j «J' — * Oj— 

}? ««* j^p aj' j&\ 

( j~bb .Jjb* L$ '^*^P ibjall' jjP Aj.ygl' ^L-sJ»rSl' ^bii bS" 5 4jL> ^LjbJl ^So' 

j ^ b ■ . * . b*LC ^ .*» j— ' b*i-Up A^— i^ll ^jjbwJi Ayo iT (? .((1-2-10) J5LiJl) «.Ipj J Jft-Jl 5 s _-5' 

j ^lil .((v-2-10) a>-Ij) c-Ip^JI ^3 ® Jl <ua 5^ (3 oiLjS^ — li 

^ 1 !* 

^J' jb Li] .O' yl^-Jlib 4-?rj J lI' <UPj^' AjjJ Oj^J O' -Xi?r ^Jb^jS" (_^b C 1 CIT1 3 b*\-C 

.JjbwJ' ^jUall ^ O'j Jjb-J' (j ^JUai' ^~A>' O' S^J l$**£"* 



4alua]| ^Lul^U S jj-4-aII 

Jjl >' j ^LJl JJLJI frll' <ib$J <uibS" ^ 2b.ui (J J*<j\ 5jA' 01 

. 1 4ib^Jl J ool 0 o>- ^oa!' ‘uibS" j oJj& o j' J i.li' 0^5 sj .(39°F J' y~) 4°C 
o'i i'jli J c4°C 0 j' ^brj-i J ^aJ' (^li' j 1 ^ J>5"^' o**J' <ib5^J' o'5 i'jl' ^JX^A 
i^\ v-XaJl r ^>Jj u^J' AibS^J' .4°C Ojl >' J ^bi' ai' J 1 ^ Aib^J' 

A^.mJ' AibSlib Uajf ^Ju J sp gr J^oj! 0 ^valis^ olp b ft' J^m . oj?+li LjMJtL Aaj ^J aJ' oJu^ 





5iUl 4-uL-S' oVU-l : 



(') 



H 





* 

'A 

j* 




* 

'A 

k) 



AjjIjI j! ^>a]l ^*,*i.rk.]1 

iAjac JjOj ^IjLui ^ j^j tic- j (1) .L_iL-a ^ (JjLiS I ^2 — 10) 

* 

. JjUL Ul£ bjjjJud AjjC £a frl&j (s- 1 ) 

jJijc- Ali^l j^alJ .1 U oj^Jj 4-jiUrl ^IJlpI Oj^j ^Jl .iijilj j^ilJl -US"UKj jJL^lc. 

* . * 

i~j jJr. Of. jJjT 4-JliT jj j-fcj cfrlll (j c-iLoiM . J^IaI! La/?I ylil ^^../asTj 

^5"! ojjjf o^U- L*Uaj j iijlJlj oLS^j^Jlj clfcjLJ ' j cc-^lj^Jt d] .AJly* 

ItjJJi 4 jLa 5^ ojj-5^" f.lil ^5 (^Ul 3^j 1 

A^L>- l)[ frill 3 cl {j* jA-^l oj-J? A-jibr frill JuUr (1)1 <_Jij ^ jaJi ^j * 

Jj oA^jsstlll O-'lj^x-Jl ^ ^]a^x db^- Lij .AjIjJI j 4lL j £ L£ A*^! a ‘l j5> Llr* 

jJ .ijlJl ^Uii j Jjl*£" J^aj XJUrl AoJb? l)V ^1 j^ip Uaill <jl?Lil j SJjUaII ^Uil j frlld I* 

il j ^- y * .frlxdJl jj ^ frill d^lj\>*3l 31 jxj c3 tl ^ iXJ^JJ o^«x^l a^oLIt! d*< t\S* 

a £. 

JjA -bjA ^-«^r A ^^a C XoJttlJl Aj>r J 2) JjA { j4SJL^-\ Ojl ^^j- 5 J! A-/? ^A* ^ 

f.bjl AiJl o j_& 3 { ^' O .y»-All ^j, 4JL>s-vi2J' O^jOxJl u-i j Cf.ll* 

Oj^li 0 c^Lyajl JulJri A^-ll^- (^Ul j^\ ^Ualil ^1 P Oj-sli j ^SvJ ^ LiS^ f 5' 

d-J 15" (_5^ ol^l-l i^Ja^' J yi}\ !,_■< .|<^3 ll . 1 ^ » ^ 0 1 4 j Jal! ‘*-^1^ 0»La 3 A>-L«.».3i ^ Lp 

A ja jS\ frill xJUL Sjlll oiUr* 

4al^JI ^Lui^VI 4J, J3-* 

.(_^y>-l aJLv 5 ^L-j>rl .IrO » *,^> jl -b-LC aJj^, +~J jl ^L-OrS/l -b^bC ^ 

.^5"l J l^lUil /j* -b JS /^SsJT Aj I N| c*^-b» kilL^ //» Wai U — jji j — $sX 




ajiIJasiIi *b : J jV' cjU) 




<wJ> y~*3 tdJbJ-C Jju J^Uall <JlS~ y jj . 3.b».ljl 3 j£ 3LLl ^jy JbJjT Jj <2 j* >r y t/^vJ j 

. 03JL»jlLI Alil»>” ^5 ( > _£^■^£‘*'* , Aj^ 3 oJU*bf «Aju (JL-LLv*' ^ y t^iy ^ Sn <1 ^JoJ 3^xj 

jl 3J-*lU l^Jy* 43*P ^ yu Jju aJUs^I UoUjI J,J 03 ^*Jl ^^lp lijUii 3lJU>l ^ 03lil U Jj—* 0J 
A3 jj*ll Ajj^ll d\ . Aa#a>%1j> j i aJIp Aj jj£. J^Uall ^JUJy tc-Ai ytJl iJLi Lai jj . la n*ja)\ 

3L)L**| ^.Ja.7 « m ) AyLwA > - A<^5^ Q. ^03bLl j+/2) A .y L jT ' ^P jy*-> ^i) A*P Aj^^* AiL ^jajl oJL_— ^ 

yi& c^3JLp Jaja^fci Liij 0 y j*-i bL>-lj 4jj^ll wb J l^- .(bL 3JL£- ^ ij 

^1 l*J^ J3 j- 4 j*P d3b* jt ^ y* d3b» Jl?rjj ^ AjL J j-aJl jjJji rl .liA cii-5*b 

.b ^laJ ObJli* ^UylgJl OV^ J- 4 ^1 

^jJl 3JL*jjl (^J 1C. jLoil j ^JL aJI oJb^S^ o^L* ‘(J -4 ^ ^ -/* ~b?r jj “— 1 1 yv 



ij 



_^*vblj \ jJyA OyjUv ciiJi ^pJj . IgJp Ay*r 0^3 JLIP aJ ^y9 y *S j ^^bll . la w */2 ) ' ^ -b* 

0 jJbL* 2a.)aU OjxJi aJLj OjIS^ li>| tL-/>bj . 4_0^Uil 0 jjJi £» 03L* <^\ QA 4J L»P J^Liwaji jl 3JLC (^JL* 

& 

c Jglw./ai^|i j 3.L».l i l j\Saa S J y> 

s~kF 

jSLiJi ^Jl p ^pbt*iJi J^-iJb 2iLJl Aju^aJl 2jbfT . 03 III ^ip JUi*j c-jIj jP ojLp A: jl c^>- 

s = kF 

.A^Ju A^Jail 0 j-flJl ob4b jljJL^ JgU.,P3)^flj 3JL*Jl jl OjLj»*>bJ clJbij 

^ br 4 C^J j J^-io Aiy» 03^ 3l £\ j ^ V 

A3b>^b ^*ib bbLyc? £ jA 0 ^^3 jblpi e3l5" aJUISIII Ajjji' ^ Ay ^3 L^Jj^ 

.oilil 5jji>tl.l 4-^xJ' j~£j jl j r^a^u '-X>- a jy£~ iajai! » yJl j ^3 jl <_ V 4jl ^1 

(3-10) Ai— 

<!b»- <3 . 5.00N >uLc- ii-Jail 5 yJl |1 lit SJL»LSbl Ajjjil ^ 5-! J* J»Ua> ^j-s- jf*aj 

<t ! y JJ-I jjujo t5.00 N -lifr . 1 .00 m JPl J y o_j^j «y t5' j-4aj f-^c 

?2.00N iji til JJ-I J> y U .2.00m 

(3-10) . 

JJ-t jt j* b jJiS'L* y .l.OOmU jlJLi. J jJaJl J i^j 5.00 N « y v-?- — i 

^.b yjjJl ,* c-)li!l U^u. JAJii .5.00 N ;yil j jUbi- ^ til "J^ur JSb^. j^." 

<> 

:<iUJ! 4^1 v^y (m/N) y yiL t j-xi* t^vii// ^L' 

s=kF 
k = s/F 

>t = (1.00 m)/(5 .00 N) = 0.200 m/N 





SiUli : y>uh 



5 yl) ^bT fc-tj^l £r*S tl iAJJJ ,F< 5.00 N b-U 
5 = 0.200 F 
DlTbjj F = 2.00 N DU 
5 = 0.200 m/N x 2.00 N = 0.400 m 

t ^USlI J >Jl O' Uj .2.00N S y j-laJ -Lp JJ-I tsJJl J >)' <_ij 

. 1 .00 m + 0.400 m = 1.400 m »yJ' J jW' D jSw- < 1.00 m _y «y </! 0 y 

. 1 .40 m j4 J-dlj JjJbJl iJlft yL‘ Lip \j 

0 ijy .Aj -Ltt.il l {£ J* y 

Wit. «* f ^ I* t 4 - »i 1 Av < tl -* I 



L^j* - j iN5.00j 
aJuUlU oL^Ar-^! j AJT’j JLip 



— ^ - j — ^ _k*5^ j$lj ** \ .(3-10) <3 ' — 

^ c^ldUail iJli { j&j\*+ap i A} Liiijj ;5.00 N 5 jjLil <*J* Ojjl^r lil . L^LJiJi 

iLjis C-J15*" i,ljoi-t . ig]a»- AjtjJail a jJill ^J^JU £}1 j ^4-j jtj 4 JLw^ <_£l LjAJ Q y *>-J 

dL^«3 j" t - 4^_^3JL1 j yM i K" f* Aj ■! 4 ' l l 6^—3 

a 

js> (Ji <p j~+jj 



jIaIL (Jp3l 




JijjilLl c, jjtH 

• LiA ^jJa_^4ll JLy* jJjII .(3-10) ilL^ll ( y^ a y JH. :(3-10) Jiill 

JiluJI jjU 

1 ./j H jj jaJi LaIjjt j^jail (3 iljL-Ji <3 ol Ll ^1_ 1 c 

JjLJI jiJo -V £*>jj c-Ipj J^LJl 

d3-4 4^*P ^-3 j ^ /aT i .1^^^ Jt ji d^rlS^) g.t ^ 

. ^ L>r Li} -U»r y AJL> (3 




iiJLiiJl tlijgi Jl : J ^gt 




jLuojI 

.(f" 0^5 AJT-^ 4JL*J| t- ■ «;>■ £ l .<2 ^ j* S j— -3r 

. J JjLJI £. UU-T JpUi N 5>l J] JjL» JUjI f <Jl_> t U JiL-o i Jr\ d\ J > >1 

sj 

.jLZjjyb d jjt 0 jil v' j*\ .LfUlSy 6 J^r\ J$ Ujali4 0 jjil ^-r^J U g ja* j 0 * O^LJl 0 jX£ 

Cl* ^ T * ^ cJ^*^ ^jjl^—Jl (j^^J .b* \£-jj JjLJI jLi 1 >I £ 

ol5" yM C~>j J otS" Ooj jUt^l ja 0 jSiiu 45 jS\ djl j>- 4^-j.i j till j J J ?*53l 

J* 

0 * «x*-w*i j/i ^j-pL<iij ur ^ ^ g 0 * u i ^ r u^jlpUi ^-a-p ^ > j\ijL**' 4^1 0 ^* a^p 

^ b*-bU dj* jJJi jaa^A .0*»J*-1 ttpj J^15" (j bjiia* 4jL$JI j 01 jil 0^*3 — w< ^S/' 



5 * 

olij^ri dJ-A 0 jlaj j ^JjuaJb 4^ yL-\ djj* (.45** ^>- 5jl>- L^jb ^jjb-Jl oIaj j?r l)S/ £-tp jJl 

.(►liaib 0 0 

c4*blJrl ^ 44UI 0 jl~Jl d y JL>- y ^j^l Ji 2 — ' j <> ^ * CJj s>rt j 1 

. 0 ^ .***!' ob~b ejjjp^l ^Jjl j-w-Jl 04 j jZ+a J yt^}\ ol>rb ^JjbSlI ^jjl j--Jl ^j^jjCLa C^S>^a 

*““’ S' s 

i0y^^ S,&\ J (J Cft 0U.« ■«* 1 \ (j^^J ^ 0^ <*> J J}fll?"«>* 

jl 0^ C c^j j-«a^b jbf j%‘LJl Jjb^A .^! jjilj till jjy 0K«Jl5" 

Jjlj--Jl 45b5" ^ oJb^i^ .Uli 5ijUji4 (jbbLJl 45 US" 4JLTb Jja-Jl j Lji: ^ 0^2_» 

.t^bbaiib 

Jj|>ai 4 ajJ 2 

o-i J 0 y <iy <b' j%-bb .(^ Jj' j—i' "4 *- ) Jjl^^Jl 0 j — Si 

4jjLwws^# ^>-1 L-15^ Ot>b®j $.llb L-15" 0*)b« jj .45 ^xJl djl ^>- 4>-j^ ^ 4^i«*> )l j^\.»,M ll 



jl J yC .0 ^1 <Sj£ ^ cT - ^' .^jJbJ' J jwtSlSl JT ob C-^P J>\ f £~J\ 

4ZA b>~ yCp} J 5 I 4jU“l ^ jJl (j jiil jjSi .45 ’^xJl Sjl ^S- J$ ^lll tj* jSi*Jl ■/ 

.^_jb JjJkl fijl J>- 4s>rj2> C->bj (J? lp -iail^ 0Wb dljjJ ^ bl jAiij 4 ^^jbJl ^ jJl (j 

^LJl ^ jl j\lA ll^ jIaJI jyju . jJ_v^*Jl ^Si*Jl jy $ sJ I 4^^] ^jj\ j-^Jl ^2 jlj j j -, .^J 

d«l-A I Jb 4 .«Aj-X^r J tbjo*^/ 4-^> JlLP AjliSsJl ^bb 



^jbiial 0 * jl^ll dJLA 0 —/^» ,4j\JlL) 4^-J?^ 0~>lS^ C$^~ LS^ jobtll ^1 j Ll 

4.1.^llj 4 JjL-J| jl jju ^J-5^ b>- 0 .x j .^JjI j-Jil 0 b^LiJ JSI j Jil djl j^bl 4__?rjJ 

jsiio I 4 JU- jis J JLU 0^:1 JU^gJ ^ lil Ulil 4^JJ ^ Ui . jry^lil j^“l » j - ^ 

jl 0 >}a z*~j V (i j^» : .L*Jl jUJl ^jo b*JUP 3JL/aJl J 5 JjL*JI 4 Jbb| { yu ^Jv?bsJl Jaii*l /^jl .0 j?lj 

4]ajij j t 4 J -/3 o^b* 0 Jla j^fl c3-l>-lj 4jlj Juu J t SJjL^ S^lil dJjs> j'yi t J jjb 

J^-io JUi'yi 








JjU 

{ Js- JUJ^J jl ''^^LU? ft iijL - dill! dJlA jV C Jl^wJl jP c-M j ?r 1 «Jb Jor j J V 

Jj jb ^»jJi ^*ib ibb* oS/1 jy^ ^^ib i-Jo ^il jW^l •-1^^'^bJl A^r??- _/* 

J>yj .SlyJlj A ^1 oy 2U5^I iijajl ^j, tdUJLI W ^jSn J Uplil Ui> jSCii .JL_*ty 
J JbjJlS*" AJLPbJl aJjL^JI boplil Aa^9 f jRJJ (.AJj^zJf ^xjla^Jb JU*S|1 Jj ^RjJi ^£*il > ® ^ 

j£\^ bJ-b j \*l .(Apb-lJl 2 cl , .Si ll ^| j\ ji ^lil f Jjl ^ wwJU f.lpj) i^il J ll 

2j>L- C$^3 ‘c£ Jy.^ c^iL ao j ol^ii j>p ^ jSfl jb j-$b c$ jl — * 

Log'll! AaJp <J) j*<aZJ , baplll AjLI? '^ ip 4j*)b<aj Alw» LilS^j 5 jJbiJl J-LJ tfjj (J,). fjJ * ji ip I ** jj,i 

,*0*^/1 wL*r j ^‘^rLIj Jj b^b"' j */3 n ) « /3 3 .^R-Lb f - I -| < ** 

^JLj >> ~~ - -^ (10 12 <oi«JL>-^) <ob^Jb ji! liL>- AlC b*)g.Lh*l bJl 

Lk5^ A^-jjJJl ^jiaji>eJ> JjLa* 5^ baplll AaJ? t — 2 j*rfV*.* tlj ^Jij A^Pr J ^jA b| . AJIj 4jls^j AO j ^Jb Jjj * 

jyws t jir aJ^JI liL^ ^COJ olS^ii£ ^aj jl L*]aol jJ . A^jJt lui yii iJjuijl iiU-l j U ^lil jJLo 
Jlp ^»t*br*jjl bjb^ bJp (j 4jl5^j Ui f.lil ob cA- — jlili ^ — * 

.U* JLilp i>- jjL iL e L- jf tU^ Silil aJub jt L5^ c 

0 

jU?^fl ^1 p Lsiaji JLoJJtj cjl tdj^ LS^” i!l>* 1_4 Aju J^\ -X<»J — rj JI 

.v olii C-JI y C$111 



Jj| J*A AiOS 

1/ tiu&fj (MjjjJf VUSOlj (dJjf titKJl :3 > ci/>b iibT ^%_rJ 

.aJLjJI Oj'yiJ-l 3 j-^iaj ct> UJ^ oLa^JI a JLA J _^a)I 

cJ»yij .(kg/m 3 ) ylL» obi ^pjL^Jl ^jp aJ^ju JjLJl ^ kl*} ilb^Jl Aib £}\ *i 

c$JJl 9 jL^iib <o aILi$3i iibSlil J,] (j jL-J j (N/m 3 ) ^r^II jL L j-Jb AJj^li iib 

^R^il ^llb oljiJi o'y iJju A-^l^sJrl AibSOl .(itl/s 2 ) ^ _y* AJbJb jib 1 jJJla AJI !rJ| 4 1 

.6.02 x 10 23 ^ J y 1 l)[ (mol/m 3 ) 

iJjjJl iiU^Jl d w j£si j ^ilL ^1 ^PjLSsJb) JjL- ^ a4r] ii$3l 2ib S3l d m j ^~ 1 

ajcrJI ibS" Ji«j m .(^r^II jl\j J ^lb) sl^I^-I 5ibS0l d j db Jb) 

a .a 4]I J oljiJl o'y j> ^Jp jU t(^sRS3.l ^iib) A^Jl ^5?o- K JiJj t^l J -_f'^JL^jb 

sUbJl o'y^btil jli Jblb J .(£j AJblb ^lib) aj^JI a) c^*^1' 

d m = rn/V 
d„, = ma/V 



|JyJ Jj 



d = N/V 




W ^ 




a— -L i oJt>- ylji *ili£jl j c5Jj ^Jl iiLxJlj 4 a1£J| 4jL^Jl] 4 JL jlJ\ jtniil t 

O.OOl ) <--*£11 >At ^ t'j>r (jJf jt (1000 cm 3 ) <--*£* ^JaJt l£jLw ^Jdl j *^*^11 

#» _ 

0.001 l^jLw ^^LlLj Ul. 1 L->yJ ^JlJIj t(cm 3 ) <— -*£il j u ^+ Jl cJj eS^r- .(m 3 

# 

• Ila$ 8iX^“ C^J 

# L^l>l^j ^L*Jl 4 iliS" < j^ ^ iaJ b&'y L JujliJ L&l 

( 4 *“ 10 ) iiyu 

?«-*&' r l > jL£J 1 j &£jl 4pLT ^ L .300 kg IfdbT .0.275 m 3 JJU a4p 



( 4 - 10 ) J* 

(J 1 ! y*ll £j* W4 4?i-L>- N .SI (J,jJlIl ^Ua-Jli LL — a dljajt^ ^J>-jJl oLaT uSl lIXL 

“-4j 5l?L^*j Lu£c 1-1 a ^jA c* ij\ jl *£ll jZ* ^1 jp . 5 ^^L* (j — * jl 4^1 j — P^L£ji 

JLp aL£JI 

d m ~ m/V 

= 300 kg/0.257 m 3 
= 1090 kg/m 3 

.<i.l& ^Oji oiiajc* ^Oji oS/ s^L* zry& o ^Jiix. 

( 5 - 10 ) 4 ±— 

oj^Till JJLJI ^4*3 Uli&t ^ L* *9.8 1 m/s 2 J*ji\ jJ*- ^ oiU-l ^jL-J ( *JL — j 

?(4-10) *JLl» j 

( 5 - 10 ) Ja. 

IJL* .m/s 2 9.81 j-uKj il^Jl iibS^Jlj ^Ul-i U3 y* illJ-i »JU ^ <d L. JS~ jl 

«/„ = 1090 kg/m 3 x 9.81 m/s 2 
= 10,700 N/m 3 = 1.07 x 10 4 N/m 3 

iN ^jjlll ji^Jl yj t$3Jlj tN (JJlil J& jj^l i_jjJ-l ,jy (3 ji^ ^ 3a — y-'j 

^ W ^ , 

.44*11 j oljjJl y iJLP JUj 

(JjLuJt ^aA (jjaLiS 

^ ^ ^ 1 ? ^ ^ 

.jjdil jl jiS ^Lllj Apt jl j 4 ^"l a)q ^\ dilp ^JjL-JI ^y 4 JL, -P ^ flj 

Lx* 4 «jLa— £ il 1 g «■»* £ ^4 Li# j*£‘ 4^JjL*J1 y* 4_Lfc£- ^La] -Xpt j - — 1 4^ j . -< Jj 

. aJ j AiliSOl jj^]l p *** tij JjLJI y aLp jjjj jJl] 3 .ojlll a4*J L — jj^\ 43L £i) 





oiUJ iL-L-Vl : y>Ull 



ti! ^ >— “£ .olJ^-jil j-i^J sLiVI ^^JaJL 

.(9.81 m/ s 2 ) ^ jL«i (' y- SjOi. 

Vj^!' d w .ii jlaJl 9^4 *^£ iS jA j Jij Ai^_J ^ — *• 3 

( ( c ^ 

. jLw»^”' w— j^*j! ^1 d^^^b ^ \j ^iw**l-»i * \s * >.wj l ^ OJ' A^^m.^ lkX?r ^jL-**J' ^jA A.o ?V *b A « .*J 

01 AiU^Jt aju^JI ^JLl> c i nfsJj ^iib V 01S" b| .^jj jJjL* w dilll ®Jjh Ojj 01 { j0 jzi\ 

J w = w/V 

Js* J ^aJ- ov ^ aJ^UII J Jb Lwi b} .SoiLM ^ jbor Jic. a 01 ov = ma o' j 

djw = 7/K 

^ip j-^- j— jS/'j ^Si' ^yi iiiUi' 



V=w/d 



w 



* , 

J lob dib 0J .aj yw* jiP oL*i" J w j ovj tF 01 ^1 yi' ^ yb aj lui b J — T 

Uj tAoiU-' J*V' *b£j' yajy Uj tJiS/l ^le- i'ji' J*dJ 

.^Lyi3' f-UiaiJ' y* 4 _JSjUl« A^S" j dill' i y>r 4iliSsJi ( jbju 

JD J**fl ^ lit Art It 

dib ( kyi ^jilL dDi ?^jLw*J' f.lil hit-/* ^-^-C *^/ Aj' j' Cj ' Ji 

<_£' dU-l iSjO^r O' tlaJuoJJ y? yCj j Jj'j-w-J' la*02j .JaiOaJL pLll O' ^ — *j 

M pbLl h* ., h Aj ^4 OJLlS^C m( yp\ J& (j\ villOj ii j04 O' ( jUaP^I j' 0U>l1 jAJ ijbbx. 0 

\an+b-> L* JLLP f.li' djjjj c^JLil Ui?- , >L« <j0 (J ^'Oi' Aw.^j ^ L uJL^. AJu 

.OiSf ' o^U, 

^ * " 

LOy' JaiOai' c r ...^bl> j 'i ^1? c^]au*J' 5wL>- ® j-a]' aJ^Oj iO^' la* — o- —Ll > 

^lL ^ ^1L) Jj # UU aO j jJ' AiliSvJ' (7 W .JjUi) aJJjJ' AibSsJ' b Jb 

(g jl' ^y^JL) p JaiOai' L5 Jajy 'ij .(j^L) jJa-J' 

Aiu-y' AibS^' 'VJb ^liL ^' ^jLSvlL) d m aIL^J' Aib^Jl Ljap' 'ij 

P = 9.81 d m s 







(6 — 10) Ajluw 

' ^jlp 5 yji' d fl\ ^ U .1000 kg/m 3 JjL-J' tUU aIL^JI Aib$4' 0 ^3 
?^li' ^}sum co4 1.00 m jJLp ^li' J jj^la 10.000 cm aa^ J jb 




Will :JjSt ogt 




tO.lOOOO m dO.OOO cm J 01 .>_j«£d] ^JauJl o-L. 






(6-10) J» 

>•1 iV jf 



.0.10000 m x 0.10000 m = 0.010000 m 2 ^ j 0 _?& JbJL 

.0.010000 m 2 X 6.0000 = 0.060000 m 2 ^kJl a^L~. o/j IJU 

i— i y»- J .Ajj 7 ^ Ajt J,l jj-iJ ,L.lft Lit .La "LiLi^" jliv’S/l JaftwJ V) 

,(<L.Lft 4— ‘ 

L-il<w?l 9.81 (J>j *0 *^ll LJjgi ^ •»- j\ ^ 

£_ jLj UUl uSl 9.81 x 10 3 N/m 3 y> -up ^ j£i_Jl _, .9,810 N/ m 3 

J,l JL«J j AjL~il aJtfc ±1 .W >' J 3JLib- iJlft <ji J ftSjl Aj^Aij j^l A^ilJr! 

. LJ ^>3.1 aS-OI Jbji £ti 3 £jij ^ JUiL J 1 0 d ^3 JJ jJJ 

9.81 x 10 3 N/m 3 x 1.00 j*-*]' Jiii j *.lil Jai-3 Oj£j 1 1.00 m j** < r ^l\ ^ 

\jjy^AA UuL 4 jjL ~*a ^JL p (jJ j-JL) F 5 jiJl j j — lil .m = 9.81 x 10 3 N/m 2 

^} SaM 

F = 9.81 x 10 3 N/m 2 x 6.00000 x 10‘ 2 m 2 
= 58.9 x 10 1 N = 589N 

JalxJaj^U jjP JjI jmaII JtLuiL 

* * * * * 

^\j>- ^IjL* Aj^Lft*w» J^P jlJajlj 3^3!-^ 7^ .f-lll tiut* LJLs^ ^- 

^.lilj f-Lp^Jl *!>bj ^JjIS jjp ^JjL-o ff.LpjJ^ .$.LpjJ 1 I-L& 3 

L-^USlt OftiA J tilit c/ 9 ^' J* ^ 7^ ^ C^=-> 

.((4-10) <- ^’**^) >44 (3 ^3 yC^M-j Ji *) t L_-^j U Si t 

4 j JL?-I ,<ikst jja-w- 4 j>-Lm> jli tAjjL^w* j^P jUa^l jl l C. 

d^JL (A i AI>-Lb*o«) 1 iJl.. } r2n*/ p ,J ^2 7^^) 

OjjU Aji '^"l** 0 * 3 *^^) 2 ^7 ^-P /^2 d J-^^ jljJL* \ • .(^ Ji *^^i) F \ 

* 

3 ^*-3 (Jliil 3 i*wL3l 1 ^ Jb ^aII t +,* Lu .’l_jIj — ^r\ 

. l_ — <.* U iJL F^ (j r 4 F 2 tl j j*+b\ 2 ^7 t(4~ 10) 

<f 

:d\^>^b ObJUl jLJ^Uil cL->Ijj 

F\!F 2 = ^|/ 4 2 
^ 1^2 = ^ 2^1 

,oIjL-* 3-I f.1 7^*1 4A3l jJl l) jS^J l -f r dJLft 



3 ? ^iJbt 



. 4j y3 jjp 0 jiJl C-JlS*" Ja_A3 l) ^SnJ . viJLi JJ < AiL/a^L 





Jaliil-uil <_JjLS Jj£. JlL. 



U U,---,N I UU1I Jji .luJI (jll^ll Jl^L, (j jiU :(4-10) JiiB 

* 

. ^ i 4 j-uiLllc 

(7-10) 4lL- 

.A 2 = 15.00 cm 2 j /4, = 12.00 cm 2 <> (4-10) J5LiJl j jll ^153.1 jl ^ 

* 

1 1 2 ,^-^11 j-^> £-* ^ j-C — j ^) 

^ 10.00 N 0j-4j 1 ^J>j oJj* c-Ltl O^J 

?2 fij JLp SjlpUJI 5 y]\ 

(7'10) J* 

.4ju (_^ j C^L>-Lw-^» ^Jj \ \\c* 6 JL& 4jI JLi 

• l ^ ^ a] cI->1jl>- jjL a! U^li cAs-L-Al a - . r * 44JLA-I oJLa J5 

= 12.00 cm 2 / 15.00 cm 2 



= 0.8000 




ijOjlill frbj-iJt :J oUt 




:F 2 J*-Jl & UJ <F, = 10.00 N M j .F,/F 2 = 0.8000 oi ^ «UJ| 4 Ju ^ 

IO.OO/F 2 = 0.8000 
1 /F 2 = 0.08000 
F 2 = 1 / 0 . 08000 = 12.50 N 

Orj«X> ^ X fi J . h i aJL«^ ^ oLfc *5 J 

.dJU 4ijjl 



jjU 

jl t-lpjjl ^jJL>- £<* jbJl jl ^ jj Jail ol — 3 lJ gjjl— iJl 

V cjbiJb b* 3^i>-j O^L» lil .JjL-Jl jj\j ^jA jJ&j J>t A^hb^-b jl — *Jl j—>^> ( j .c-1 i^l 

JS^io iLU C->ljL«tJl (1)1 4 jLa>- j-* Jil j.**Jlj oljliil 1 ju . jbJJ j*^« £*ia o> 



jlilt Aitis 

->Ap aJN-Lj 4 i£Ji iili&l <J>yJ ji <JL p tj <^>y^ — i jl — *J 1 <Jm 

yilb ^^Ob 4jj^]l Aiil^Jl < i j*j .jliJ) ^jA 4JLP t$J ^3l (lcg/ltl 3 ) 4-^ii^il j — lib C-»bilj P jJb^Jl 

ijjLlib ^pib l^JUL* 4 jjl 4 J jk^js.£ ^Jil ^ ^jL^lib 4 j 3 ] (^J^boo^j (^J/fTl ) (-^ n^Jkl 

^ 4i!p jl j->- j (mol/m 3 ) ipgCll jiib oljJUi o^ j-* iJm **bt£Jl .(m/s 2 ) £ 

. 1 mol ~ 6.02 x 10 23 01 ^ jUJl 



S jjt 4 j£jVI jLSojVI 

*■ *> 

[a jl^> 3 * _^1 ^ j3l . j ji>! ^ yx- irjpbv J 6 UL^> LaJjL* $.Lpj 

^jA (, -J } 4— oftj febjflfljl j| j 4^jib>r ol Jiib ( jp 1 JLju >rj \^- 1 tf-Uia ail <3 

^ ^lil .iJjll djl yLl j} L^Jj ^ ftjl ybl A*. J$ jt Jp jj>\ ■(lFJ^ l M ijjLo) £}jd\ 

.1 j a-X^-ji jl*ll {_jjrl (il ^ jA d^JL^- ^w=> (£ j>? <bl 0^1 

jbJl ^ ^ji d 1 3 jU)i ^a LjL^S** ^ _^T jlp Jt^-^l ^ <jt OVi {J** j — **' 

* 

. d d JL *j jbtil *Lp jjl ^>1^ 3 b*JalL< ji.1 4 AP ^Lti*l*^|l 4 OL a_P 

* * 

ljl>- 4^..t i L^-l^ 1 ^ -/**; £<* d^lp c 4P^-j li jbJl olj^ ( 1 ) j iP^-o jLi iJ^i 

.((1-5-10) J5^1) Jji*> j-— ^ 

^ljl>*^/b oljUll jaIO ^4-jibbl < J^>" •) _pr 1^ ■» tf» 4j ^adjl O j^r jj a 0l> 

. J jixil ^-3&3-l ob 4-PjS/l 3 oljUJi tiilb 




5iUU M- *H\ \\ 





c_iOlD aJ l_jS jS jliil (s* 1 ) (Jilj jliil ^JjJ (1) :(5“10) j£*5dl 

j£ Jill Jj jSl^ll Jlall Jj*iu .aK^ *L&1 ^ ^ jliil £jjj (^r) 

<* 

Lj Jj AjLLLj 78 Cj^ J Jill . AP jil* 0>ljLp *W *5^ I^^JJ Aj J^rl AjIIp } 1 0 ^aSvJ^ J 

4jU*1j 1 A<«**J (j J c4jlllj 21 tlijS*" £ T^h ^lp {£ oljlp * 

cO^J ^^sjl *Xm tM U ^ " 1 t O^J 1 (jLl^ iO^P^^ oljUJl ^ jy — ^ o — 4 

* 

olijji- *y*Aj olji oli J*) OjjjS/lj CiOi^JjA: — ^lj 

iaJLp jTl J ob cJli" bl 4>L- 0 oljUll .Juu j* 4ijl? oL5" j ! 2 

01 j-* p-P^Jl ^^JLp oJLSi j t J^ixil oli aj <j fUailj oljUJl dJiA ^jj; .ObAij jjIS^JlS" 

(JjJ**Jkl S J Cjl—i^'bfl 0 j£j j^Vl O-’ijlxJl C-^lji 0->ljlxJl 6i\A xj C^lji 

Or* 




S^ULaslI tbjJJt : JjS' vM' 




uiSj&J) (ja u ijiiL dil JUUI 

* * * ~ 

I jSLiu jyS"" ia^ I Jjlp I $*>^P jVl J- £ 

JaLbJl £.LjI j^il ^jA j>-\ oljlP l 3-X3 <3 .<LjilJrl ( JjuJj -L-* ^-t f-L<a aJl (3 oljl Li 

jlT bl toUi jJ-i J otjLdii ( Ay* ji J^jt) Aj jJ ~ I LaLJ^t jaP <_£ yA\ oljtP ^-Ll ^ a ■ ■ " * ^ 

ds ^pLwaJ' J^Liujl oljliJl Ja*> c £ jk d$ • *W > ' <~y j — 

yS' ^>r jbM s- \*/>a\ \ w.^w /llj t jLlliVl (J^i < — 3*>LiJt <j o'jlxit — J 

t \*/3a\ \ (J L$jl* £t]a— Jl u jaIL j>SJ ^jiajSfl ‘bob* j toljlLi ^ S.5jJi£ Ay*S"" i «‘At 

(bljjJrl Ailj^Jl) jUJt <Zj\jJJ>r jS y j /j .jywa.lt $.lp^Jl J^-b biJLtf- AAj Jsj jUbJ^I OJu^ cJ jy^i 

jjao .(( v5~10) J^jJt £*-l j) ^Uj’ j^I jJ j £ jJl ILa Jj}-^ £tk~Jl j — * j — Lb 

. jlLJ aJliSvJI AiliSsJl i^\ c<3 ^Jrl 1 ^*^Li <3 w~j^i.t ^ilb ol<) jp ^LfsJi ^Jp ^ip 

^jt l_ .JjJJl ^jA Aa j^AA A^^^sJ A_4A*vJb c£/-I u3*>Uit tSy* j — A\ J — »Ip 6J — 

$Lb5"" ^iw^l j-* jjJui>t .(. 5 j^-Sft oljlLl £jA LLf jA I oljUJt ^jiaxj O^SsJ twjfc^il jlilj obj ^-t 

, 1 _^5"t j^Ji JL-k-*5^t ( 3 ^*^ c t>» ^ <■* I I ♦ !■ *ai I c Lii^j 

t L 5 ip*>U ^ j.». yfl.il ^1 aIiS" J5^/I oljU]l ^x^mj Ujlj c^tja— Jl dL4b ^j^^jJl J,] a1i 5" ji5"^l oljliJl ^ J 

. Aw?j^l A-jilJrl Aia^l jj U ^ I Ujb i£j£ ^ ^31 ol jUJl jl ^ jliU f-Ua^Jl Jl lit ji Ja*> £ 

•L^^^‘1 l— i^iJl J oljliil A Jj>-lj ^jj /jA 4j y>sA iOli-1? jl i 0 J^jT i^Jj>- Jj>rj — J V 
^•jJ C^dyc* Aaj ^)aj (jJJi JL>- jJ 4j ^ .JL^r uiJJi jl . Aj>w?i j j\P j A^jJJ jjydl oULp j jSsj tjJi Ji 

jl jjj /Jl JL^sS"! a^LJI oljUil 4?*^j j^xa Jj jl (^t La ^*ja..Jt ^^ip LjJ jj 

,^_^jjj^sJl ,x.. ^ I ^ 3 ^* 



^jtiJI f Liill ^4 dljuil 

jy^Jl -^5-ji . LJU^ br^j f-*)^ ^p SjLp ^^-jlii-l s-LaaII ol *xi: — w oL_$^ 

oljUJl ^ oL^J jUT LLjI .^jJ_J>lj (Jyv jjJljM jlp L^>ja*-4J g-b^a ' fljl <j 3lj__ll 

<* ** * * 

Libr ^*rjlil-l c.L^aflll <j oljJlIl ^JpLo .(Ivajl £^2*3 A;l,./all j^^aJl iJ-flj'b/l 

J i<0 O j£$ ji C A-jiwLJl (j JJi w. wvfll l .(3 oljLil 

£■ M 

. j*^ I ^ «P JxJ (3 J^“ Lf ip ®^AJ jJ^^** ftiA^ljJl (J^t^jAaAI fij^ 

# >» 

(3 (wA-jAjaJl j-idJl ^-Laj , L*Lc L jAj aJI y ^ s> ^>-jlii-l g.L/a a It ^3 ci^ljLJl aS^ j>~ 3 j^o 

Lb- ^yk^tjJl A. vL qP <jl o^- .LkJ>w? j jUtil Aw? ji oib-JJ dJlA aS" / t Ayl ^1 p 

.(^ 5 - 10) jSs-^Ji ^»rlj) fi yrA *1 ^ jil v4**Jrl L^liL^ 0 /j ^)l jDl d / jSLllJ ^ fjL J 

^Lal^-I bl .jjS^I^ jjS"^ I CjljbJl (3y J^Llii c-^iL^lil jil fil^b C-jIjLIJ LjilJrl J-3 jl j*o, I . b 




5iU!) Ult J-^iJl 



dll -LP ^^-0 L^i ^ *w-^*-**3l ^]j »**aZ*a tiP^**o J — i 01 ^jL xll 

^il 4-alaJj 4ilt$" AP^^o J sWi 3 by J tip yO« a 1L>- LiLJJw- .jS*” jil (j ^UijI £• y?y J>1 iiW- ^ 

^ *> 

I JLj <L~A |JL >r AL^Lx AaJJO ^ ?v flT tljyO . 4jjl y- ^IaJjI iiJ-b J tjfT ^il jUJl jawQ? £AJjj V- 

yc^l ^LJL* Jp jUJl olji tju ^4Lio« <0-ol y>- <LjJlA 01 (0^*- *Ljjj j ^L»w\ — i'V 1 

.4^*5" j53l jUiSfl j L^r \ j coii j^Jl JSLib 



JUUI JaLia 

<jj>b* ajIS- 2 *! j~**ai I-* iJu&j .^jjl ^jp cjjJL^ oJJij Lj>ljl*Ji Jai — O’ ^ — £c 

jl>-Ij jOl. , 4* Oly- f.lll c-^- y*! jxil ( j >wolJ‘ 4Jl^*j j— jjj j ^ jJ-OjI jlp y* -l >-1 j o\jA cjU jjUl 

.t\jl\ ja 

cf.lp jJl 1 -La ^|s-b jlp olji <Jy jV ^y^j *^ll yil-*) V A ^^ >m ^Lpj ^A 

jliJl 4 a .jaj ^jjl ^ll yib 0 ^ jL^Ij jOjill t ./ 5 law jail ^P 4L^ £-bM <Jy ^. )?«..««) .^J-*l£^ ^lyj J^bM 
tbb jV $-Laj ^ ibjl bj cLJL» .blj K yb 01 aJoj j*> tN ^ /* o ^b t^jl pip jJl 01jO-?r ^ — Lp 

.^jJj J^Lio A>t- 0 *lj jj ^^/1 g-La .P ^bj^ 

tT djl ^^"1 4^b^« 01 , la»«^lt <^*~A Cjljliil ^y7 ^j*b*o — ^j-*lp >X>r y—i 

it & 

4-aI-A t^L^JL*lSvj Gjl j ^- 1 (w^Lp ^jllall j'&* A ll 4^rj^ 0^1 , P ^**1 4) ^ ll^ 

^j^" (Oy* * ^^ . 1 -L^aav 4jli c la »..,<a 1' 5jljl -LlP 4jli CjLiJl ^jA r JLP .<L 

dilil ii ^JL- 0| . < 5 -L jO JLP JajtOaJl tblj ^ ^>-^1 (J^l jJtll < ~~s a - > . 1^) tAjam^ jUJl 

(J>1^1 jJ^aaJI Oli loJ t law^llj djl yi-1 4as-j3 ^Ju -LP toljUJlj Jjl j^Jl 4v?L>- j t*>L — Li 

. ^ y+P ^il 1-L<i 




J^Juj aIjL^I aJU ^p c~yrl bl dJL^ Orw^l 0 .djj^Oai! -Lp J-sAa)1 IJla j$ ^^1 J»i -1 P 

* 

.^l^Jl iU J y>r yA L) ^^r'Vl 01 L»Jp t^cyc^ 

Lili^Jl U ^ujluJL 5 ji 5.55 x 10 18 iS yt- jUJl or* 2c ^ ( - ) ' -1 

922 mol/m 3 (a) 
9.22 mol/m 3 (b) 

1 .08 mol/m 3 <c> 
33.4 mol/m 3 (d) 





iUJLlihlt : J wjU) 



.N lOj 0 u% I fi -bi <Sj^ {j/P j**i (^4JI 0.150 m/N i?Uail ^ ojU ol ^ jj\ .2 

J-i dji Xs- JJ4 OjSL^ c3.00 N Oji jJa; ^up 1.00 m JJ-I J jk ol — S" lil 

?5.00 N 



1.30 m (a> 
1.67 m (b) 
0.66 m (c> 

.oL* jl*li di-A J jJaJl JjO^- ^ (d) 

jAj = 0.0600 m 2 ^ (4-10) J ol>U of j * >1 .(4-10) Jt op .3 
JL^ S^JI ^ L. t5.00 N 3 -ji *b4b 1 Lr Sl\ oW .^ 2 = 0.0300 m 2 

30.0 N <a> 

10.0 N ( b> 

3.00 N (C) 



2.50 N (d) 

£ 

Ji jl < r Xai\ p~Jr\ o jji JLp (Mohs) (J*** ^ JUI«J .4 



. o.»p obji^Ji (a) 

.Jai^aJl c-^ jLJo^l (b) 
lajL^ali jf iJUwlil (C) 
jf (d) 

s' 

1 ^ JiSlI i^iUrl _,•» uJUll p—Jrl .5 
. JjlJi c-iit ij (a> 

* 

. JjLJI *lil U-jlf l5 a-j J *bib £ (b) 

.^jjb^Jl f-bi.1 (Jj (C) 



s-lil (j (d) 

^15^ ^Xij 5J jA d^b* (j 
.ai.lall o^Jjjl j\Xi ia ‘i I,- ■** b . i (a) 

.Aijail o jiJl ^ ^JuJl jlJJL* (b) 

* 

.3JLjall o ji Jl £» \z J& ^JuJl jlJLL. -Li (C) 

. * Lu^P fl .,i O ) ( \| I j , ^ j * ' t {2 1 ' O^aJI jI-La. 1 ^ . ■ vlj^j (d) 



.6 





SiUU A-jUty O^U-t : y>U)l J_ai)l 



J Jali aJUJI U.UJI oli iilit .7 

J! Ukjj-j J&- (a) 

.IJbe- (b) 

• 4*3 m<o ^ 1 jj_^o yj (o 

Jjlj-Jl J (d) 

L-j-i *i >Jt Sjl J jtjJ j oljUJl jliil ^04 .8 

. ^ o.x>- ^ t_5 A-Xt’ (a> 

,^^*0 oliji-l j( oljjJl i) ^ (b) 
.<JIp 2 Lobs. lob oljUJl (C) 

.tf ^ Jfij-Ji l? oljUJl J^UI (d) 

Jl *£jl d Jt* UJb^i ^J .kg/m 3 8.6 X 10 3 ^ jUJ ^Sll U S^U Cb&l Aib&l jl .9 

AiliSCll o ^5^- ^ Up ^ br vilU 37 ubUrt 0 /j U-__ ^ 

^tj jll ^Ip U^Jl 

3.2 kg/m 3 (a) 

8.6 kg/m 3 (b) 

23 kg/m 3 (c> 

# 

.2uJLiii ol* ^ixil ^1 p bUipl UL> (d) 

Cbkil *k£jl ^ U .2.788 X 10 5 kg JiUl Iks' j cJJLJt ja 100.00 m 3 J* aylj </ y-+ .10 

?JjLJL) 

.2,788 x 10 7 kg/m 3 ( a> 
.2,788 g/cm 3 (b) 
.2,788 kg/m 3 (C) 

3* 

.21* Jill oULJl Jp bUjpl 2 lL^i^ 2jbr^l (d) 




hturttlj a j) jsl 1\ 



AJb J 




iLyjajl ^j-sSCjcIJ . -UP ^3^* J5 te'yjpy jliJl ^jA 4JLP 1? « ..,^ 

U ? // <*■ ^_J ^ ijt' <^-^>0 U ISU C^j^j J . Igjsiju^ *XlP jliJl ^jA 4JmP flj! j>* 4 mA*j^ 

^ ^ ‘ ^Ir • . i^7!‘i|| v % ..’ '.¥\ -. v.h 

L/3 )1 (3 j +** . J-m^jJ. ll iJLfc 4A*iw^Lw*» l» jjp ©J 4 j>t ^ djl j^l t>S*4 jjg^tf 

.Sjl Jai-jill ^j*£j otU 



o^* y c 7 ^ til f^ >r j* ^ £&- C^ f^y \ 

* * 

f jja . il jr* ®jl J^\ Jill) 4 jU- Ji ^J p f-lil Aj^Ap J 4*Ai* .( 3 7 ^ J iiiai* .v* J^'f 

e« t £ f « 7* 

^JjiJb LiljJ 4JjjLLI 0 ^ J^-/ oJ-^ ^P-U .£^11 J} <Ui Oi^ J3 jll Sr 3 ***i>M) 

(,^jfyJ~f £ L^zlb ,J0*\ <j ^ C-S- AxJi-Sfl ^Jo Ujj — .((1 “*1 -*11) 

£ butyb Ljajl <*jdf Sj ijJ^i a j-A ^P-U Jl ^Lyail ^iJLL- ^v* iji JilJ ji 

JA l\jb\ ^ LtijfiW A^jjj ji Ji ^- ^^**' t»JXP .((^ -1 -11) 

ir\jh\ 4JL> ^JlCj ^ ^ c^>- 4<i ^»jl Jl ^tf?Up J^L-jS- 

.((^ “1 ~ 1 1) J^LiJl J^*) Uiaji a j[ J^/ ©Ja ^P*AJ .43 ytH ^ 

AiUaJ J Ojl (^ y>r Jjlii ^ ll Ipj 4 A ilU C..«« lirij d • 

J ^ 1 y / j Ji-J^ *Xip Aj ljflll (J\JLjl ©jl j — ^ **4*' A ' s ^s^ 4 j- 

7^-^ OW^' cj AiljaJl JilJ C<3 JaJ^ oj-* A^UaJ' Jlijl ^ 




iijg&Jt :JjSl oUl 




ijljaJI J»i 



(') 




ijJj* c.^ 



M 



JjL frUa <J^X- 







JlliJl In m 






(e) 









iJa. 1 j j^Li 








77 jLi. (jikLwj 
“ 

-#&&&&*■ ■ 



.^) (J^aJlj i(c_i) t^J ‘(^) (-I*^ Aiajjal^J 4ajljA. (J Sjuj ^Jp lASliall <Jiiil <EiJ l(l ”11) 



(^jjHiH) SjJjaJI 

\jjb j& c^ Uj ^ ui^^JjA H dr 4 

<> <> 

$.Ul*Jl l^Jjs^LwJ a^J yU jl . ( J>-T c_-»llS^ j> tiJUi IjjiS^ Uj) olj » aJ P 

I juijj — la dt LgJb* 1/1,000 — 4 j«A*i) 1 f-LaJLp ^j-3 /^* ^Jl>«JL~Jj 0 ji j^-\ /jA jy^~i j*-+p\ aJj>-j 
. 4j^ji-l c^LJL^*Jl (Jj Ja^px-Li L»juj (,A^~\ jS* d^U ^J,j a^lp ^ 11 ^*Jjl11 

ajly- u ^f y OjjJ ^Jl 4 J y^ll sitkl! 4 ^* 5 " ^ U gJl (cal) lj—i J-\ o\ 

OjJ j?- *(1°C) Ulc d*X^-lj 4^rji jiUJLC. ^Aill f-lil ^jA l*Lc (1 g) J^\ j ^ \j P 

4^r jJ y Jjji-x ^Jl 4 J j-iill iiUaJl 4-*^S^ l^j^Jj Sjj jA-i (kcal) 

*iii ^ bi Joii L^» r Sfi ij> j± .l°C jioic ^adi JJLJI ft ili JA 1,000 g jf d kg »ji 






aJI ^-1 JoAJoJt j Sjl : jLt ^al^-l J.^ all 



jl .c-Ail^J jl t^^Lp ^ 4C-43 jl Cf.lil Aj>* JL*j4 lil c-AJ ycdl li-A jl_g_J .aJUjJI g.Ljl lrai» %*l **» 

a)aAj^ 100°C J (a^I 4^adi^ Lj yAJ 0°C jl ./** ®jl C->L>r j jJ t* y>& *•" A^*lJl li-A 

.^j^jS/I ^JLp ^**LJaJl Joji^aJl J 3 ( jLJjtJl 



iji^l\ SjljaJl 

j^j V 01 J* j*£o) 1°C jI-Ia£. (1 cal/g) *Ajjy jl o^Jj^- 1 Jl JUoll JjLJI *lil j*t: — £ 

^jp liL* .(cdyaltlj (£ Ja+» fljl j>* A?rjJj jt OjI j>* A^rjJb 

W >IS" otjUll lib jt i^lT aJUJI ^ bb ?£lil till jf 4 J^£Jl jf c-jjJl 

Aiij oL%5" Sjl ^J-l oU-ji jI h j\ ji-\ AiliaJl fc*U j S;>Jj£ A-*i" Jb jl*- ,lU~»o j^li lit 

^ j>\ jl 1 cal/g ^ ji^t ^Jil jj^-b .<S ^>*S/I aljil jA*j jiff ^Jil <j — * 

jlJLAC. 3 »jo jf U* 1 cal/g ^1 JjLJI Alii Jbtt* ^ Jit JL*b aljll ^ j U°C jU*. 

aUUI U^pjb gjl jj^SlI a!* JL>-( Ul .l*Jp S >y U cJu > JUipI g_!l S*l_Ll 4 ;S/ tb\«~ ? ,i 1°C 



IjAjlJbL* Ayti*' dilil di-A I g ■* - — I J . J^£^ JjL*»» 4JL*P L jjJ A it j‘ aJ 

Ua .jysAl jljj* jL^I ^ A^“ Cr* 4 C^j' ^ t( 1.00 g) 

djl J>- Orji o^bjl tAillaJl Ji aJLjJ Or^* 4 jI ^ ^lil .X d^lil Jl (1.00 Cal) 6 ji J>- 1 j'JUX. 
Uup Alii JP ud& JSOu cJ^a; US/ Alii o— J X a^lil oi £*>\ ^1 ?1.20°C j\^s. X 5^1—11 

Jit Sjl J>- JlpLu- d.00°C jl^LlC. dJ>lii ai-A JA 1.00 g ®jl A^rji <J>JL 4 .ii^Lil AiUaJl c aL‘ 



1 .00/1 .20 = a^lil c 4 ^U! ^lij^l JLpIjij ^ • 1 -00 cal JA U Ipy 

. 1 .00°C jlJUbr. lijl .y. fcr J* £• J Cal 0.833 

* * • ^ * 

Ll**j , djlJl \jb Ju dJL& Uu<» L. LjjJ 

(_J j>-l « luSb . *ULa> ^lijl *u^«^ 4iJb 1.0000 g *ijj tj>- ' :i ■/!■>■ ^>- Ljk injai > 

li* j' >' Y Sill! Jl Cal 1.0000 jl-ur. UU» JiJ .j>j Jl U jll ^ A\ d\^ 

JT jp ,_ikji v jL.1 4 jjI aiUli Jjlil s Ju» J^j ?0.80000°C jUic. ai ^JUpJI ^J-t 
ai* ^ 1.0000 g Sjl J>- g ) Cal 1.0000° j* Jii j£H ^ .X Salil _,( JjUI t ai JA 

lit JbJ^ i*lAt ^lijS/t jj> U y^A ja l* i_»l-J-t ^ la^c, . 1.0000°C jlaic. SjI It 

. 1.0000°C jlaif. mUI »ap Sjl ^ ^ ^ 1.0000/0.80000 = 1.2500 cal JUl* 

C OJ.*4. U o G^ldJ b yA~A 4*v3l>- {A 3 ^l* ^ ^ »l*C t ^ t C. 

5 jtyl-t ^ o jj >>- c Jt Lit Lao ,(cal/g/°C) i?rjaJl ^1 ^iJl; 1 y_ y>- oa>- ^ «a^ 

uUU ^ — JL. c = 1 cal /g/°C 01 \i~~A (JU; .Uli 1°C jlaif. SjUi ^ Uti f l > 1 ijl^- orjj o ) 
'£% Jl \p) c = 0.833 cal /g/°C 0 /j t X SjUD J ^ Ul ^ bUij 

,(ol» ^lijt Jl ajjIa) c — 1.2500 cal /g/°C Oj^J tY ol«JJ i_.^«lli ^ t(3^L* 







(kcal/kg/°C) A?rjaJb J jp jJL^Jb jl*^Jb c <3^** ^ ^ N a..., ■ ■♦ ^j. Cj>. 

f I yiib 5 ^ ybb Lg- »*»>Aj £7 A*®»*4 ^ jA jA^jb* 1 A^r ^wOb ^1 jp jJL^Jb djj ^>- jL^Jb d^L* c a^*3 i) jj^z*** j 

<~*Jb . aJj j oli»l r Uj^i ja ^ap cc = 1 kcal/kg/°C jb t^UAJ a~JL> 3 *- jjJb 

j fz ,Y ^Uii 4_Jb J c(oU r lij! aftti Jl c = 0.833 kcal /kg/°C jj_& ;X S*l— JJ 

.(ol* ^li J 3^>- Jl 3j c = 1.2500 kcal /kg/°C 



(BTU) AjJ^I bjljaJI i^jSi 

* 

.(Btu) 4j j*i&yi MjjfyJ-f jJj>- jJi ! or oilii- a jl j>Jl] a«l>- j olaJalJl <j ^JL>*p**. J 

^jp b» 131 .{.IjAl obu^Jj jl jSlI ^jP ob^bp'^fl <Jt>bP b/** ® all a«X>~ jjb y" -.*.^ l_C,j 

cblB L ) ($•! jJ^I t , jl j^ji i J aj^jjl j ^X>«-w*sJl 4 Ax^ ^bupl ^L<* Jjfl*i«iiWiii .* J^ - — J Tlf|] a 

x£ 

i APb— Jb Btll aJb- jj ajJLi- 3J jidl olJaJl Jjbt^ jiZju ajllA>- b6l .^^Ja-s^^-S ,*_Ju^ ^P 

.BtU «-b ^ ji ^ jibit iiUaJl aJKJI A-^Jl (J ~J j 
(Jjjb) -b-lj (JjA&l Jk j djl^>- Or ^yiAJ jl Jj jl*- ^1 a jl _J~I A-J" Ut Jp BtU t-3 ^ — jo 

<9 

(^1 A-puLj cJij ytlll Ijjfc jl jJ-*j Ja .(1°F) aJb-lj C-^bi ^gj Orj^ jlair. (jbjl JjL*J| {.lil I *\s 

jlSJ JUIaj Ail \zJjU) g?>is^l JkJI Jjfc b. .A^rj dbaii Ab. Uli CJL- fT 131 

1.23 kg Ojj b^J *W 454 g jf 0.454 kg ^ jS/l ^Jp Ojj aj! ?*lil ^ 1 lb Ojj ^-T.aJ^j^-j 

J Jj3^ jl J j>- jj-b c-bbai OjiL- <^^<>5^ tb)j^)l fbUJl A^ J . 1 lb Jl Jp J5LJI i \ — ll ij—-* 

^Jp (Jj jUl) ^jjKi^l Jk Jl AP - ! JL>r jj v bSf {g*A Btu U 4 0 j — V ((■L^2__fjil (31— *s-\ 

^Js- 0 jt v__#: .jo- {Sso ^. J Btu Jljj V t^yuljJl ^ ^t- 

S^UJl i!U-| ^ ,(Btu/lb/°F) CjU ajcjJlJIj Jj jUb Btu aJ^-^j i:U _^-l jji^j .Li 5i yc* 

.Cal /g/°C 5jJ^ S>il Sjl >1 U ^ Btu l^-y 5jJi^ 5>lt Sjl >ILJ j/j'i 

(l-ii) iSLt* 

( *-*j y_j tL^Jl 5.0000 cal L» jlJi. iiUs Jij .5^. 5 jL« 3.00 g kiieJJ < — »f Jp j — 

N j .^- N j t(/ UJ N i4>Jl . 1.1234°C jlJOr. l^L.^ a^l J r UiiL Sjl^Pl 

?a^lil aJLi» 3^2*3.^ Sjl j3-\ b* .A*LkJt5l {.bj I ^ jJb" ^ j c 



( 1 - 11 ) Ja. 

ca^lil 3.00 g M .J'j^3^ j a^jjl ailll ja 1.00 g UUJb ^Jl AillaJl A-^S" b P2 

5.0000 cal v^Jl ja X A J-^4 ^IjP jl jt j&l Jblbj t5.0000 cal JLp J-^j 

. 1 .6667 cal ^Jp jt 





AJl^! JsiJCgflJtj Ojl A^ji I jJUP i^flll 



y5*”L«l y£ ^ Ail y*j IJj^j .Lg_L*l^j ddl (J ^Uaiilj oji yM Agrj3 jl ^Jjl» 

wU-i-S -iJj^-SlI ( jS"L»Sll ji S"l 1$-^* L* <j ^ c£l ScS y*-! y"L*' <j — * j — 

jIJlaJT. Silil ajiA 1.00 g Sjl _y- Ujy c4U3j . lyL* <l)l^> ty' (3 4-*oii jluiLb — ■■ 

Sjl >1 *^y> ^ 5, jlMl ijt >1 yr» u .L4J1 UlUl jy 1.6667 cal Jii 1.1234°C 
d\ CC J* .Sjlil 5jl >1 o;' (/iit c J-uJl <01 ?1.0000°C jU-^c. 

oi *£JI ibT Of U .c = 1.4836 Cal/g/°C JbiO _, ,1.1234°C J* 1.6667 caVg ,JL_if 

.1.48 cal/g/°C J! yj-dt <_>l yM .yJ c__£ 10U fli jt ojapl 

S JjaJl AajJ 

O g •£■ aJj! < 5 d^d g-^Jav’Nlj y*j liL* toj! yd Li ^p o! -J — *j 

A-T yU Ailjdl V^5" yP fl jLp y* Sjl yU A*- j3 01 .gild! J l$J> <Ju*aJl J (^Jp! d y*P o j\ yU a* j3 
oobji LJT c5jl yU A^y> c-ju&jI LJLS" tUd! aJLU j .Ip^ y^SlI Ju yd! Ai! .Sdil j Sly^sM 

.odyMj o! jdi AS"" y>- 

s* 

coAjxJi ^ j^~ yLi) cMi> ,t£ yd a j' yd 5 — *- y y — p j>* — * i)l y — £Lc 

(EM) A r dg ^4^J! AslUJ! j! Jud 4 j5j ^J d j y*$dij! t^grjlii-! g.Lja,il! <j AJTJuJl tc-^! 

.X ^ly*l J tA->v^Adl Cf.lyd-1 j L jA g-j ) «, ^ «*» Lp 

J yki ^jIiT IJla aJLi ^j^ii flJLjd! o^lil jl ^cdJ ajfyLf a^J J ^ ^JUJ! 

. A?r^ll 



oU- J jU tfl j! y>- (J yA 03U Jl 3! ^il Cf* £- 



4*4 , t 



O 



j3 






t /yj)l ^ aJIT 5oi ailaJl Jii JuLaJ til cl j^\ .Ojl yO jf Sjl 

g-!-* Aj^P JLpUad! jL>d! t^d») 3lyl! 4 ,, - - y 1 < yi- ^1 13^ c A^L<^J^» j^^g-^dr! y* ^ 0j\ 

3ly* ^a«-J yj .dj\ jlJ! aJU- ^ aJUI^j ^L^orS/! AiUaJ! «(^ 

Jp aJ^UM J l^J j ^UiJ! jt 5L>- g.L?I y>- jf jL>- j! ^iJUL>- j j j^Jl 

. A/y/y^/ A^jyj^b A*LjJ! aAA ^^PxJJ •yf=J-^ C j!^>- 

^ J^) ^HJOAAiluj £>«Li4 

*f\ y j**. y#LjA^ aJ^-Aj LJIp l g «P IjyP ^ tfij! j^“! Ags-j3 yP L* Ip y Aj^ j£-, <1)^/1 d^^- 

d ». s<g (J$ ff-dl dyd# ddi wLaJi^j .(°C) iS ydl fljl j^-\ 

4^ jJr! < — 

JU“ J jl^waj^lj Aj!-gd! (j IJLjlcv c \ o!-Jb j JLJJr! y* lJL>r fl3jb AUP vidd t“- i l^ li! 

!j>-*)(d^j! 0°C djl^wij! yP ^«jd! ^fdj! g.li!j Jddr! Sj! y- a >■ 0 -Aid! y* ®j! j^~! j\ 




Aj u iglfcll fUjsi Jt :JjSl 




L giLl^ J 4 LgJ> j>S"lj j>5"1 |%~— i 4-UUrl Wai jjj iillaJl JW> jl £• .((1-2-1 1) — il) 

JLpI j5 ^JjL* L^i J |i 1^1 Ojl J>* 4JL*il .0°C j! J>- 4?r jJ 

.^Uaii JjLJi f.iii 

^1 ^iajl) ^lijj'b/lj AjjI j>- A>rji I~Lju* caJI olUJl jl ^c*j *^jL- till 

J . lcal/g/°C S-apUJi Li /ij/i ^ *- %'L- till LS i~- .((c_. -2-11) J5Lt_Jl 

# 

till 0ji jp- A^rjl w2.7 ,4jjt*Jl 3jL^*l ^1 O J 4(jUixll-f ctil LLj fl < l 1 ji>-t 

.(^ —2 — 11) j Jijl) l>*^Ua^l 100°C a *iP 0*^1 jJjU-JI 




yiu jt 







jU r >^> 



M 



uim j>5 



M^uJJ (JjLuj £ La 




0 <*jd\ Cj# 
100 J 



fe) 



AjUall J»i 



f J*" 



100°C 




^Ikj (JjLuj £ La 



jlJk f Ja-«a 



4^1) (JjLuj *Lc ^ Aijajj ,\)\>\l jl^aul :(2 — 11) 

•(^) ^ c-tJlj ‘(s->) J (JjLuall C-Lolt (jA3»-kjJj 








2 * + j ^ ^ 

.d^*Al djl j^~\ 4j>r j jJ O^JtkJ — 4jLI^ aJ^lMjj pill JLm*£ 4,h a i — jljLjlj& jU)aAj j^l JL** jJ 

Ail \ A ill ^JuLft ^_«JlP -iL^JIp'i/lj d^l ^^1 A^j.i L/^ jfe*«cdJ -la_„Jait£- Jl j-X^~ *** * 

a jly^j oL>-SM J *° j* <Jj^/ ©j^ail ^^i*l c£3Jl ^1 bJl p— iL <^Ji — H 

tf-lil jl$ vi il Sjl J>- (jv {Jj^\ ^ja l/lOO ^-Liil i*iA JLp oJl> 4 jjl a jl yU \>rjl oS I (£ jS^ 

(centi) toUi \^y++*A J jjtvall ^lil jl—lp &jl ^»* ^><31 

."l/lOO i -^-«-’ ol£ jJi" L»^>- jt ]*—- ^ (centigrade) JbJtj j Jl/lOO" 

o-^ 

jf ,^^-C .Alpwl J jt£ Jl aL_^£j A-Lp jl o -L> j^J jlyJ^*Vlj *.Ul J-^4 (j^C 

J> \ 100°C J* jy£t of 0°C ^ ^U- j- 5 Jl 0 jl jJ-l oi — *- j3 — J 

^^LaJjVI C^0> jf djl j3-l X>-j3 J (Sjl JL *■ y 

LLp ajL£ 0_>r jj V jir**^* l 5^ * ^ j <— aj jjaJl ( y 



tL^jy <^-Lt y! b&jl j *- ( yajL*-j .U. 4 *l A*Ja> JUj>3 3 j^Ip yP ^ J^ 9 * J*^? .^Liil \S ft ^ — Lp 

a*- jjJl dJjft ^po j ,(-273°C) C— ^ -L^ 273 Oj a>t jjJ ^50 j 

OJJLc V 4j^| ^-T (£ f Jl ^3^ C^f J3j jjJJall ^>rj-lj j*— >J*l ^JaI*-o .{jJJaii jJ^aJf 4*r jJb 

^jA oljJLil ( j^a * j c-> jiSj klUi L5^0 ^ lJ j*— O^rjj V <if 0 O u .IgJULJ 3ilU (^l 

. oi ^ju </3 fl)l (3 ^^t-jJlil dJLft 

.OK jL-J -273.15°C iji >1 .(K) ij ^ ^ ^ ^L-f jlUi >U» *>-p JSLsj 

+100°C = 373.15 Kj cO°C = 273.15 K Jbil j t^JL- ^ ^ A-i; y> jLf ^ r _^- ji 

.K b*jj Jl J^J ^l-L>»l^l j£- w ^ Ajf Jsl>-V 

j5^l ^ (3 y *^jJL^ j^p J^Oo e^U.1 < y^>M^J J jl l .lull ajL^JI <3 t j^-^ 

cT*^ cs^ ^Ui! <i>Jl jl .<yLT ^Li* ^ oUrjjJl Jl it 
djl 4 j>t jLio iiSLi^* <^l Jor jj \ ia>-j^ 273.15 LJb <^jL-o ^LJL* ^ Lp 5jl^ i-i 

^ 1*aIi 

A^rj^ jl (J yL |JL>-1 t*JLlP ^jA JL5^ j ^ Ju-> ^I3jf jLlpI jL>-Sfl { J&*J (3 ^ £_ 

A^jl Jl 2yL-^-« ± 273.15 jSf °C j^J 4 30 lo^j <K j yL* 30 ^ £ j* J Sjl 

.KjAa 30 

(ji&iij qmU&a 



^jA j%-Pj Jl JLpj cA fl l lal l 3jl l Oj j^^iJ ^^>-jil J^>- ^ll ^Ull oj 

djl^J-1 A>rj^ Jl j A y ail (°R) [j ^P Jj j >~ T ^jtXtAA . 1 '••-‘l .LtiJi^fcLfcwl ^-Lill Aj^i 




ioJUfeJl tUjsflJl :JjSl 




«>- ji V 9 L*li c 5 _jL-J j OrjJ 0 ? 3* ' ' •$ ' • :! <3 01 .<&-C j£~Sl\ 

# 

^5 L*Lc c£jL*u iLS^ 4^-j^ jli 

.200k c£ jL-J 360°R UJjiI* l J ^ <*.jj j *90°R ^ jLj 50 K UJjlL- l j\j—>- 01 

J^Llo . / 9 ijjL i^j J^a\ cK Jl °R <jl^J j c/ - ^* l 5 ^ ^ Jij^ — ^ 

jt t ^/5 C jj^J *J (j-W** es^c J] K »0 } </' ‘<^-^1*-* 

.Wi 1.8 

jl Jjaj L* oju?’*' til .iJbr- olf .1 jA Jl (J ^La ( ja1S' j u)&\j jy cjy gll jl 

j^J 4 16.7 ^jL-*ll t°R jjJ* 30 lS jl — j j - 4 (3 d J ^J~l Ot-j^ 

. jd^Jlj jlJLpl U IJbJ j' .K 

o-U L» 

J j ijjA&yij jktJl jl l*Jl (j f JJ ^ (°F) » jl >>tLS Ojli j$s (j-Li. o 
jl .<_il^ £->J J (j*^' ‘<j^J o&\j A>rj3 i*j> 01 .SJbc_Ll oW^Jl 

(JL^tJl JjL*JI f.lil jLlp ^Jajlij c+32°F y>«ji <j£ ^ Iw^w* J§ ^Okl «XJ>- jL^vijl A>-j3 

.+100°C ^j^il +212°F a^aJI jiljij c0°C sbrjJdl +32°F a^aJI j_Wy Jl^-Jbj .+212°F 

.L» -459.67°F <jUail ji^aJl <>r jJ> l£jL~j 

«* 

Jl o-jU^iil ja Jj^>JI oLL^- ^ Lp ^tS"^l djl ji-\ ob rj3 Jj oLJL^P jl 
4^>rj3 C C°F OjU > F .<J$jJi\ Ijjt jJ jjaJ ^ J^r (cr ^Jjl j\ 

SU^I oJla t°c Jl °F ^ Jj 0^-1 bl .°C ijXL* 5 jl >1 

F=1.8C + 32 



:Ak~d\ dX * j»JL?^L>.l t°F Jl °C J- 4 d^l ^aJl Jj jJ>»J O^J>-l bl 
C = 5 / 9 (F - 32) 

^1 t(32j c%j cl. 8 ) Jaii jy*U J jf ^i^j oV^Ull dJ-A ^ jy*d\ iS J=* <jl J - 4 J*-Pjil j^Jp 

,4^jL«^>- ^j^?I l L a^LjIpI 4jI 

jij ^1 J^i ^Jl djl CjL?r jJ Jj^>- oLLjJ (3-11) J^wJL}! 4>fcj3^il 4-xljjJl ^1 J->«JLx I ^^s£ m 

J^ij + 1 50°C j -50°C 

<< 

c°F ^^J 4 30 Ul ^Jp j- 4 J ®jl ^J“l A^r-ji L* Ls<a^s-i L*^ 1 p 

dAS' J ^Lc- oitl ^-0' j ‘Irf ^^Jlj ^Li. ^Lf- fic-i j — al' Oj — XJ 

.OjU ^XJia Js- »(.[ jA > I (y Jaii % Jl _>>• 





H\±-\ ol jJu j la* All j 3j1 J^aiH 



+150 - T - 4 - +300 



4 - 4 - +250 



+ioo 4 - 4 - 



Sfrlja 

4 a. 



H " +150 



+50 4 - 4 - 



+50 

0 -- -- 



+ 0 



+200 



3 *ljS 
4 a jJ 



- 4 - +100 



■50 -^- ± 50 

^jUIaC- c -\j^^ 4-uiljjJi a^A fl-lioJ I^3~l 1 ) 

. °C jj > mL.w 31 j o C jIajJij °F Cjulg-i^iSL S^pLa CjIa^P ^jjj 

(2-11) 41— 

?72°F Sjl ^ ^JL- 4 a-jJl1Lj ©jjii L* SjI 

(2-11) J* 

OjI^ ^ gjilb fijJLiil djl oUrji 4 AjL-J| AjcwaJl aIpL^j tAJU-ll fiJlJS. JjL 

0 ^ 1 j 2i 

C = 5 / 9 (F - 32) 

aJU- 1 dJlfc J 4jl» dJLJJJ 

C = % (72 - 32) 

= % x 40 = 22.22°C 

JUI) u¥>~* y. oULu o')} Jaii uy^ ji aJU^^ 6 ^- a ^ y*'' 

.22°C OjJjL* Oji ^4“^ A^-ji (jt ^cJLLl**o oi 




iJ-Usil fU.jsflJl : J jS' 




(3-11) <lu44 

?80.0°F ij \ >1 ijXL. ij\ J~\ ^ b. 

(3-11) J* 

I*i gi t-U f Ui^b' J <_l! CjU ^ rg-aJVj 4*1 jiJ' .ill— it 4 -l» Dili )o Oar y 

,Jt pjj I li* J f J ..« (Jl ojUj^aHj ^ iilill .^yb — £ tJi 

.^LS aJu^- j c/'Wi* ^ a>^ AJliJl Ai Ja}\ yb*i— S Upj 

(J -A*- VliL* i°C (Jl °F <j> Ail— il A « ;¥ al l 

C = % (80.0 - 32) 

= % x 48.0 = 26.67°C 

ot*l yiJl Dh *3 jilt 01 ^S~Jb .is y*-\ vl— >- a-I^p jU) Lie- Ai'V o*y t 1 Jl» L»ij i—jjjtiy Upj 
. jiiLJl gi ^ jj£3 Oyb£3b y ^ .273.15 l—J'^ K <j±i}!s}\j °C ~i— Jb 

•ji >i jLi a: cjit i>i . a -_*-L, ^-bi. ju. ui yi 273.15 au*! s « ji^Jb 

lii tjyiKJb 

K=C + 273.15 
= 26.67 + 273.15 
= +299.82 K 

4J jJU 0t ti*b4 aIIjI A^ 5l-J i«*bL« Obg Ot LC. .jj^JUJb l—Jj ji 01 ^ 4* OVt 

.+300 K ^ Dii5(Jb IjMa a»i£1i ij\ J~\ Orji 0! 

S JjaJI bjljjjb (jJoxa 

^ojla l)I *Jbj .d^lll y* 4JbjP ^^lp JajwaJl jl ^glp y JJ jl djl 

^>-S^ y* U^ n ’ ^ 4JLJL>-J « ^ g aaSc^J JlIP ^ J^aJj 



JaLualtj tSJ 

34 * j 

JLP $.Ip ^] l jljJbs- ^lp JajcvaJi ^ y* ^ ^ 

f.\pj ^j^-Aio .jliJl cU jA £.[& j!i\ i)\£* 1.^1 .djl j^-\ A>rj} ^Lsj J\ 

* 

L^L aj£\ JajwaJl yp\Ju£\ tjliil y* ^iU^} ^ dl^J $.Ip cJjtsrj jlill 4^5^ A- — i 

^ jl) V-^ 01 — lil .d j\ j—i-\ 4 — 

^ ^ A * 

L*JLLP *^Sa Aj^m.^\\ \^ j » ,/a ll ^.l^jil A-Jp .f.lp ^ a *-.^ 9 Jt l)^. f l^L_?s-jL>- 

. il y A>- jJ jLJtil ^L*j ^ 




3JU-I £j\jJuj 5 jl a^-j^ : jJLp <^U-I J-*aiJl 




JajuoJl jii V j i*j}UJl j JjLJI till Jo V .%Ji AjI > ^£1 j£du JSlyJl tJ^a -.17 

jl till ^ lil l^-s^lii^-lj ojl yi-l *j>r ji ^U; jL jljJL>p JU- 4jQaJ ^JUl 



, l^JU>«-**J 



*J>r j2> ^JaJ&tSJ l*JLP tdjl yi-l 4>-j.i J t^^lP 4-*lxjl 2jLl>l 3 aJLaI' ^L~Or\l .iwL *1 J 

j jSvJ 1 *jlp ySl iijbul* jJu Jj* .o'yU-l J c/ a1a;II j :>Ju*jl IJL* ^ di — ;i .ij\j — i-i 

\ O-jl !dlll^ 41^1 J ?20°C Ai yt!l Ojl J>- AJ>r jl j l*JLP 41* 30 C Ai ytll 0 jl y>- A*-j-5 

04 SJ jl 0 ^omIj gJl toll** jj» yJl (J jJjtll aJIi Wajail L tj^J . ^llj AiSl (3 yill <S J 
4*jaS Cx^> j J .yP^I jJbtll ^j-* Q.flU J^dj ( j^aldlJ jl JL>-I ^JLO L*dlP dl^J ttl j H 

(f 

,L^i*Uim-I jl Lgiliill aJI y* W^* dJiSor t jL>- l_-J> o ytllj o~L$5" 

(STP) y-uiUM JaLuaJt j 4^Ufl SJjaJI AajJ 

Jajw?j Ojl yv- 4 PrjZ J dltaj t(STP) JajiyoJij 4*. ~»LjtJf 0 4^- J-3 t_3^ P 

^yLjjjl ISj 4*?rd yC 4 JII-I 0 ,^Jl (^y£ O 1 L** 1 -*.a 1J y* 

<*> 

. ^“ l (£j*~*** 

.JUJI JJLJl s ai ijii _jf -u4 aki ^ J c(32°F) 0°C ^ v-l^' ij' >' 01 

.(30 in Jii J*f) 0.760 m apU; jl jJjJ! ^ j y\s- Jai-> t^-Ul tl y>l y. ^LSJl l ^ a. 1 1 

1.01 xio 5 J! ^ jL g;-Ul_j t(lb/in 2 ) g >1 (^ J^> </J^! >j 14.7 ojl-U- d-> JJJi ^ 

.(N/m 2 ) C >1 ^ 

JUP *A-i 0 j+mjaJLA UjS/ dH^J t4*Lft 4ilS"" (jlj ^^-Aj V .4d-AJl]l f.1 

* 

^ fr ^ll t^j y^’ ^ cA^U- j Jaii JJ yl — Jl 

L*j jSj {£ jL-J STP (j c3Ll-l tl y^l 4iliS*" jl !tlll lt y A tdl* 4*sl ^Jl till ^y* 3jjlil a^^JI 4ii5^ 

4 i t4.00 m L^pU; jl j t4.00 m j 4.00 m li>^ t! ^ j* Wai jy . 1 .29 kg/m 3 

t(JijL) Ij ylSCll j 182 Jl jS/l ^iUrl Ji>- J LUp dUi ^ .82.6kg t« ji- — ^ ^ j— » 

.a-^ £SIj J^j s jjj 

^ ji j J XuA 

^j^Jj t4^jt*Ja]l 4 JLTI Ul .djl yij 4^- ^_iJ y L*JULP 4*L^> O^L* ^y» 4JL*P dl>aJ 4 J t ^jS* j tft l 

(j>lit ijl^rl ^P-b . *»!■«. * 4>-j^ 4**«ljlj (^^>-1 aTv ^ < y* A^Lv aI I ^L«-a-S/I ^ya.w > ^a^lj 

j 

^ 0 / y / (y^ - ' ,a *0 O* (*—*■ J-P j' ‘t/ 5 ^ _)' jl 4_i j — jii 

.y^/ j2d) 




ajJULblf tUjJJt oUt 




t 

Uj 



p * > 

Ojji j LI 4jI ILa .Ojl j^-\ oLtj3 ^y» J jAjl* JIj 4 ^1 jii * ]a»<* <j LC (J>jl _^-l jj^o 

.1°C jl«-L£. Ojlj^~l 4^rj.i Lj L^J fljyu ^iajA“l JjtJl t2°C jlLLC. OjI^^-I 4ptj.2> 

jl ajL^JI */3.aam c<jUS^ Li Ip ojl ^ AprjjJ 1 )jljl« L| . Li-i-i-i -5 jJL>- ^ 4 aJL JL>r^J 

a 4 O^ 7 0^ 4>-j-0 Ojl ^^-1 Ulj** 3 * LI J-Jjll . y>x^l j\ y^z. ^ ->- 

.Ojl jJ-l o- 4iV^J J jJaJl <j o^Lj jil jlJli* ^Jaju ^Jl 4ja««~Jl oJtpUll 

T jlAiC. Ojl j^-1 Orji ^Ju gjLil JLicJl 3 J ^Lil (3*^ ^ jL"" Li tH*]l 4 JLA-I J 5 

J !» 

3j^di jljJ~l >Uil ^k*J ^1 id J* Cr^) (^Jir^ ^ 2 *■ j«d^) 

<lLl*li oJL 4 i(Ot) L-il jJw aJl <— i 4-1 j*ji 

a = s/(dT) 

* > * 

£*J ^ (W 5 *^ *g^“l L*Jl 4^ jy*iJ Jj ^' 4 — ^J- 4 *$ JJ 

U LJLv a ol>r j3 £7 a jl^i-l ^ J * 5 <J (%—* * jlj^-l oUr ji 

.Tij\J-\A*j* £ 

0 ->l*i->- ^j| djl*P (3 ^La^l j;<?~4- .y*y»**A**Jt 4p“j-0lj ^ ~1 ,-J^; 

,/°C _r*jiJ i ^ jjjL Oj-Li- 4^^5sJl . . .iT JbJL, j 

(4-11) 5i— 

i_^ii!l dUi jt J> J>\ .20.00'°C 5 jl >1 t 3 10.000 m L^ Jr ^; 

ia-JJ jj \ >1 J-Uit ys L. ,25.00°C J \ >1 d 10.025 m aJ> 

(4-11) J*. 

5 o^j dUJJ ,5.00°C jUif. «j' >A-I -up 0.025 m jtJic. >_.. . da a Jl U» JJ* jIjjj 

tiiL. Jl iijvail (J jIupS/I »ua Jojj*Z) .T — 5.00 j ‘d = lOj c= 0.025 

a =0.025/(10 x 5.00) 

= 0.00050/°C = 5.0 x 1 0 ‘ 4 /°C 
.5 oULj 4JwU Li^J La Ua» j»IJb^iw-i Li jjjj 



v- 7 aa ; 

8.000 m 3 J jLw F[ Salll 9 Ju» y uC Jji «U a = 2.50 x 10 4 /°C 0 ? ^ 
a^jjJ! Jl ijl yL| lii K t_-*S(il O S .30.0°C lj \ >1 ’ 



>uLu> 

lil 

rjj j 

?20.0°C 



(5-11) Ja. 

^ ^ j ^>- ^ j>* i] jb j\ LJJi .a uJij y*j j Sjap-M* ^il ^jA 




Ja k*l\j 5^1 brj* IjJLp <^U-» J^aiJt 




.^]aii-l :>JuiD ^ j! yU J^Ulil Uij oJUb 

: Jo L5" ^ajLl a*Jl j ^Ldl o4 a J^uiD tt* LJl oUJl su^it ^-Jy °^i Ll ^ j: - 

s - adT 

of Lc. .(^ib) djS/i Jj ^- d Jv>j ^-jjJlj) ojlyU ^ _y T <0~p- 

j\ 18.OOO ^-X*JJ ^ jJJri) 2.000 J^J d J>/yi J yUJb ^ — i-l 

JUb j t f = -10.0 0 •& >1 01 U .(8.000 /j 

s = 2.50 x 1 0‘ 4 X (-10.0) x 2.000 
= -2.50 x 1 0' 3 x 2.000 
= -5.00 x 10' 3 m = -0.00500 m 

2.000 - 0.00500 = 0 _j5w- 20°C J *-—*^1' ^jy- y JS* jy 0 ? IAaj 

jf U, . 1.995 3 = 7.940149875 m 3 20.0°C J Ail-LJ .1.995 m 

.7.94 m 3 (Ji j*-* J' 1 14* i_ jjij tol* y jl aj^U; J^-Ul 

cjVLaj SjljaJI 3 a jJ 

lajtyg Jj-2aj jl < ^/.l a-U a^aj l4l# cLfc-b^o a-lJj yy%— ^ 

-lU-I c_> _ji i Ujl^ villi . it// J yL/ 0L>-ty Juu J I il .^yi^, jt 

■ jU4 (Jl till ^1 *j U.UP jl (JjI-" tL* J) t_ — L^aJl 



j uWj^' 

i p— . i ^ j * ^ '...—. i t | T J Uf .*lil t( cJuJl ULJ— ^ jl_j^Vb Jl^L S 

(3 0L5"” L*iT t^^lU Ll«T ^**0 JLJjJrl . b*LC 0 O C 0 j\^wJ| (3 A*L?p Ojl j>~ A?rj,5 Olj lOb> O b)l 

L jj^r t U? <bl .J-JLirl 4^JLo b? £ulil ^ciiJl 4 ^»JUj Aj^ . b c JLJLir\ oSl C ( In*** 1 1 i A **4 

.0°C Ojl y>- 

Ajbirij j £ 1 ^lil ^ : - x3 1 t 0j| yi^l ^bljj! jl ^-4 ^jlll iJijfc ^ - 

of . Jj‘b^. Jl <3 ,0 o C Aljl y>- A^r . Jif ^-Ua — li 

s< 

^Lll ^ciilb Lj jAJ 4JlJ_4 Oj^xdl\ J J j^b-.xall A*a»jJLLI ^31 L^.- ftQj Ai ,<UijhJL* 4^p ^**0 3^ 

j ^jJ ciJb^Jj !cyjLa]l ^ j3*j 01 OV^ .bj jk j or cuj^ Jj LaI y ^L^il 3 ^ j L*Jll_pj 

djl yi-l Ajtj^ JaAi LaJ-LP .JULbl tyjOj 0°C Ojl y>- Aj»tjUj ^|jLaJ| ^lil .Aj>-L^Jb 

^Laj'jVb 

^3 £^.1 Ojl y>- ^yai^jJ .i yl .yaii .eJu yb| AjUS ^3 b» 0^/1 jLlP^b j>- 

^b* wL(k^>x2j .0°C jj Jjbl JLljiri Ojl J>- AzrjS 0| . J-^^llb Oy^xJl \Xj J .0°C (J>] Ajb^-L— Jl 




ia-Lidl frUjedli :J oM' 



o o ^ 

05 { J^o C—^ bi) o^jji ^bjT .LL^ lJLl>- J-»ISuIj ll ^Ja. 



Of fi 

A>-j^ IJLJ til*? l-Ubr- J>I^J\j £»Ja**Jl ^u^aj lib- .(frb-i» l-L>r ^-jijajli aJL*-X Jl 

frill J sJUJl JuUrl o* J^UJI ^ 0°C c0°c 0 >> b Jl ^Us^L Sjl^JO 

.0°C JSI ^jA c-J jaHj jJLirl Ojl j^- A>-ji 01 (0^*0 • a-a*^ aS"" U r - ^bjj .JjLJI 

c£Jiil j JlJUrl JIp JaSL~ill ^iiil 2L*i" j glut! I 5 jLJ Ji> cAili£- J*l ^p .^U <b jjJl i>-j^ Oup- 

•l/jL^' *j* O* ^j*i 

A>^.AJJ j \ 05 -L{j>*)l O^-L^ b*L*P frl^jll djl A^s-ji blf frill djl A>-ji ^*1; ^ 

^waJ .(4- 11) J ^il A~io frill fij'y- Olb ^ .0°C 

frill djl j>- A^-ji J+J . 05 I 4, yfl i >«JL* frl^ll Ojl ^>* -w ; .v> t J c| ^^MjaJl 05 frl^il 0j\ j>- 

, JLa^vOI ^1 Olj^Ul *Lip 



*Ia 1I 0^)1^^. Aj*.^p 




(I) 

.4^ »jj» 



C-LaII 

c 




AajJ £Uu jl (i) . xoujj l-i U-Op f I aII :( 4 “ 11 ) j£ 0 dl 
.fUlt Xouj <1*01 Sjlj* (^) 




jlfualVI SJj* 

Ail ^i ^ii jp c aL‘lji aJlu ji j AiUaii ^ 2L*r aJuji ;*ui ^ ;l-Jp oju^_? 
c c^U-jilj tfrlll JS" ^j) .jdU-l Oylfc Or* l?' <j «^Hl d -l* — j 01 j — S^c 

frt* ^ Oj^x c^Ul xJUrl aJI>* J •(( > 5^*- : l' ^ 0^J 1*1 — ^ 0^1 — «il |» — 

a^-jUj 05b^ JJL-JI frill ^ 1 g Jl 0°C frjl a>t jjj -uUrl ^ 1 g J> 80 cal 0.1.1 tc3L^? 

.ajLLl 6jfy * 7 ^Ijll j^t d “l* d *0°C 6 jlj^“ 

^ ji j^£j ur o°c 5ji i/- juoi jjui friii ^ 1 g ju^ bi tcr ruii ^ji^-Ji j 

0 

ji-xiil y>r ollU .djl 80 cal aJujOI d*L* 05 Aj^i t0°C 5jl ^>* a^- j jj IaJ^- ^^p\j 





aj \i~\ OljJtfj J dji >1 a*;* ryup 



ji-S3b Uajl Sj^r*” ^ JS** 2 ^ J^*- .(Cal/g) f^lf *j'_ 

h jL~* (kcal/kg) o j^aa jL^aj'yi Sjl^ l jj*ll *Upty 0 j (kcal/kg) f !j — * ^L &!j 

c*.ll! ci j>*! dil* *~*l! dill! j L*JUP .il ^ll (Cal/g) jlf-yaj^l djl ^>- j P dj> ■■ ail 

.dill! Jji; jl^ajl/jU-4 aixij aJLiLl! 3 0 o C Orji JlJLl*-l 
ejd^ ^ N-x» (cal7mol) tj^ll? <_/**> j jl$-^Nl a* — £ 

js-*i)! j^r Ajf 4 j ^ yaj jl c<J ^llj d ji>j^ olJ^j ^1 j>«^»1 jy j*>lp^l y~ ^ lil c^j^Jj . ^!j — dU 

, r l>Jb i y_ jJ-\j LfiP 

oilU y 4J-P ^ distil j! ailjai! oj! j > JJ \jy jj /j f (^!^*Jl» jl$-^Nl ® j!^- ^y j 

aJUl ai^l lil cm y (fl >^I j) *4*^1 ~a\£] ^y jj cA y )\ j, (o jj J~\j) 

h f = h/m 

(6-11 ) AJLl* 

LgjJbS"' oilll dJL* /jA aJL/? aJbS" .+400°C a>- jjJl J jg alma oil* j! y> ys\ 

Ja js\ . 0 j c-> yu‘ Ji ikSJl 9-L» j! ^i> .+400°C **-jJJl J 1.535 kg 

L. .+400°C i^jjJl J j;U JI LIT IjLyij ijlil »jL» ^ iilUl ^ 142,761 cal U&f^l U 

?dill! dJiA j! $ «/3 > I dj 

(6-11) <> 

U j->l i^l Jl L^JL y>d ‘^1 ji- j!l£S\j ib^Jl Ujlapl .olJj»- ^il jil jj ^ j£~hj jl «_ ^ ^ jl 

^iJbicu-l Lu^j: t4il4J .h = 142,761 cal LWl .m = 1,535 g .1.000 

:5 j-iL. iiLJl 

h { = 142,761/ 1535 = 93.00 cal/g 

.a5jJ| ot-jjJl 0 JL 4 J^-jJl *^jUUj oSl ^vjl Jl ji j 



(-ojHUIj (jLJa 

tL»U» + 1 00°C frll'l ojl ^1 »^l^l (j/* ^5^ >—■ i>- Ji ^il Jl j yj Upj 

J>Tl frli.1 jUJ 4.i.,Mii tt ...3 ^ .fljl ^J~L 0 Jj jjJ jl ^4 jLUJlj till Ij^j .Jju 9 LLI I J - j > 

LJI JJ- ,J*ii jUJl *111 JT Ijo^i ,+100°C ijl >1 ^ l0 5^j .Ji! JiLJl 9 LJ.I 

.fill jbvj «Uj^I frlP^il JA frl >1 JT ^l^-l f ^ C uLlill iULfr frli! tj UJl IJL» JT I: Us-U 

.frill JT Jju ^ 9 - till jfi 9^y jA_) tJi ^il j» j-J-o 

j^lifr-SlI ^jil j^j w j .+100°c jl>«jl djl j j j 4JJLJI a-^ 5 ^ frli^-l 9 lo 4 - ^ 

Ji 

,f.lp^Jl 4^jjlp di^^r ^jipj ^ j<^al! dy ^jlp jl>uJl 




hJj&lS ^Ul 



. j ! jj <J$ Jj^ll Cj^ 0 ^ UjUuI 111 aJ ujJl^ L* u'i/l jL» ip^/L 1 >- 

tl)l .lJuI^JIj jl>«Jl I^Lj . + 100°C (J,] 4jlpJl (J jbxJl 5 jl p>“ A?rp poA^xjJ ..Sjjl frill jli^j Ja^l jJrl 
jl ^^ojl j^Jj) .jUJl jr cJulS^j ^ cJul&dl ^ .+100°C JJUl frill IJL* 5 J | ^ ^p 

0<1a AjU i-J jaJIj 6 jPxA-l j J>-b f-l ptl ^ .0^*0 (IaI^JuII L* .Aj^jII (3 Ai* fr j |3r (^1 eJul^I j 

A>rp IJLj tJ ugi jr lll>- ^d ps*ji“| OljjJ ^bjJ .^J^-ljJl ^3 J jA** hn^p ^1 P JlLil-lj Aj p?«jJl 

.+100°C Op l. Jl JjUt Sjl 



wUP J^-iu frl pll dj\ Jp- <P-j2 frill ®jl J>- Aj >rj3 ^ t JLftJnjllj jL^2jVI a) l?- \ •£* 

frill 0 j! J>- A Prjl tdiil y* N-b . + 100°C A-J y djlp- A>*p (J -b pll jl ill <J^J. 

(t-^) (j fcfrjll djl p- A*-p ibjj 4 1 ^~ di l (j . (5 — 11) J^--Jl <j £*-a»j1I <^>*^11 

(_£ p-Sfl ^l^ll y 3 ^ Cj>*>p . jl JL*j L»-UP frill Sjl p- Aj*rp C.. ; i) .frljll djlp>“ A?rp c 

,«Jul&S «t , JU; l*AiP aI^UJ-I 



frLJl Sjl^^. AA,p 

c 




(') 

^ a Uj^v A \t <iuJI S J y*. A^p jbjp |lj . 

. ^Jul£ij pLJil ^jLpj a Uj-v a II ajjjJI o^)l 



pLall ajl^)^. A^wjJ 

c 




ijlSjjj ^1*J La^jfr frLall :(5 11) 

k A-^p jj Infl's JU ^uj) *4^*4 (JjUaII frLJIj 



ja^il! SJj^ 

^1 pi I (J 1 p kiJJlj 4 Aj jljJl aJU-I J,! J p>*ni Ailkil d^JLsi XuS aJjLJI a^lll y* Ai^P 

,/ 1 g t>U.I aJL» J 540 cal .tjolU-l juU j> (/i t) »- 5 'J L ' 4 ^-* y s — 

4 Ju» jis? .+100°c Sjt ^ 4*jJu ^Uoll fr ai jU4 ^ 1 g J! +100°C Sjl J*- ^rj-b Jil Jl 

. SjU.1 Jljil Jj£> 

^-~ 3 ' j +100°C »j' p>- Aj^jJj ^L^aJl frill jli£ 1 g ll| c^mS'UII jjjLp«Jl ^ 





* j dP n/afljl 



5ji y- yc* {£ y .djl j}~\ y* 540 cal di-ft <j ^db aJU c+100°c y -brjd *>0L* *.1* 

jL^JU daj L^p -(cal/g) fl ^*Jb 5^ ^b Sjly- — > j — ?wl! 

.^1 ^li £*Jr dUij cal/g fli jt c^rd ^Jl Uli b$— ii jUpty (kcal/kg) pi jPjL&b 

di-lj d^^j/ouip +100°C Jld»ld 4 _~ £ if-lil jjp iSj >*l 0^b» djiil dilil o 

.d^lll 

JjiL i jL^vsuN^ 5 jijj- aJL>- <j Ld* c^>«^i]i 5 jl y>- ^jp cOL^-'yi <3 dj — £ 

.SddJl aJU-l dUi JdJ ^ .cal/g ^d> (cal/mol) 



l! 5jl 



^ d»dail jf A*dail 0 j\ yJ J Uj^»j bl J t A v >• jJb (p yJb 5 jj ybb) 
y^ AJllli Adus-aJl jU 4/W jJb (pi yclb) AiluJl iilS"" bj^jj t/z j* j^b (*ji _/^-b) 



b! 



''J* 



A v = h/m 

.foy A ,o.fc&l\j d/? yC* dl g.dll**»b 4 l ^ «■■* a > 0 ji y- Aj uv? dl 

(7-11) AjLt4 

Ojj 0.3 ill 0dA b j5"" <jl y& y&\ .+500°C ®jl y dr jd d^tSdj ^1 *j 4JLJ*-* 0.3b» 01 y> 

b* .845 cal/g d Sjly- ^1 -+500°C *^j\y J-*bT t67.5 g 

JjLJI 40 0 Jj jib 0 jXaa AjjUail 0 j' j3~! ^idL* 

(7-11) 

L ;1jl>- j 

dUd fLdH .0U a*> Odd*" Aj'b/d ^0jj j3-b^ h j3-l ^jP LgJd£ d— ^ AddJl 

L$ ip 4/w A^a l b 0ljddl (3^^ cJ*^ 1 



4d^dl ^ld jl .^l^iib 0jj jJ-b 0 jdd> h w J ^ ^b 0 jJd» W :bd 



^ 4jUl 



h-hyin 



jUpSII Jojj^ J*-Jl j* 0NI_) 



h = 845 x 67.5 
= 5.70 x 10 4 cal = 57.0 kcal 



{j* djj^ 3 1 U * a 0>UI*J 0^1 4j5^J ji *1 IJO^ ^ _ -j jjij 



.AidJ^ 




WfcJl 





J^-io ^ C-.>rt bl «JL»r i^K~i\ j _ j5j .» -UP ( J-jajaJl IJLfc J yJl Jl -> P 

*U 

. AjLi (Jj dJ jA jf Uip 

jUJi 9j\ J>- { j0\Jl£-\ U^j <L)t ■ 1 

•j^ Jl ( a ) 

•J^* Jl (b> 

.c-JUaJ! JLp JbljX* Jai-> jjjeu (C) 

.iJU-l it \j Ip V (d) 

jt . 1 .355cal/g/°C 5jli! tfjl ^ j . JjL- ^ 1 .000kg J* <fj& A\ * j-* j .2 

5,420 IajIjJL* a£ 11? J-i5 <_£ j>r Aj\j .+235.0°C ® jl j>- l*l£ ^jL*j aj ji y>- 5 — ?? ji 

djl ^J-l jJeu JLaj f.1^1 (Jj Sji j>- A^j.5 •Sj'y ^ J* J 31 ^' Ji cal 

•+235.0°C ( a) 
•+239.0°C ( b) 
.+231.0°C (C) 

. ^jA UL**>- (d) 

(BTU) ^>1 5^1 .3 

. 4j jJtAl A-l^Jl AiUaJl tSiUaJi J-Aj J-Jjc* ( jP ^*aJ (Q) 

.UUaj^j ^ f-U-Uil \ % [ >/ a A,) gjl d jl ykl (b) 

.1,000 cal c£jl~o" (o 

# 

.S-bUrl Jp bLjpl 1 $:«.;■» ycS dUjJj il)j_}ll ^ -Uou (d) 

*j jl j>- c£ y - .36.000 °C Jl y- yj 4.5653100 m *ij^> Q-i*. v*4* — * .4 

J.U1I y U . 35.552 °C o-ilT, Sjl >1 iUy c— J .4.5643000m Jl v^ 1 J > y-4* 

j yj 0-Uij.l l4*L ^jJaPl JJUxli (^j! j4- 1 

•0.00225/°C (3) 
.4.94 x 10>C (b> 
.2.21 x 10‘ 4 /°C (C) 

. Iia 2^uiil oL* jLd.1 y* a Jj_vp ^J_c J ( d) 







~ a }\±\ &\ JJU J JaiUaJt J 5^1 hrj* : yu ^U-t J-aaJi 



135 g 4jjj Silil aX* l) yf .+217 °C a j\j>- <>r jJj ^LmS ol« 0? Jp .5 

a jjjL* coji j^\ j\j>jl* jk l« .451 cal/g +217°C ajl j>- 4 — *-j+ 4 — l«l£o Jjl — — 

jSXiu Jj'LJI l~u <-*jij>- jX&b 

.6.089 x 10 4 (a) 
.3.341 ( b) 
.60.89 (C) 
.0.2993 (d) 

O^Lll djl J>- jyio .6 

( a ) 

.4jajl^sj fljl y>- 4J*jU J jLp 4j*j*>Ul djl jJ~\ (b) 

.fljl^2ji ajlj^ *»-■ . 1 < /? ^-**J*r ^J^***«J 4-*j^Jl 0 jl (C) 

.1 jU- JjLJI ^Jl ajl^Xl A>- (d) 

L* a j\ JA Or j 3 (1)1 .7 

•0°R (a) 
.0°C (b) 

.0°F (C) 

•cj^- ^ ^J- 5 V ^ V (d) 

ajl ^Xl 4j>r j3j cg-lljJl *0] ,u3jvlw^« OJbt j lJlajJpj jlj*b j *-*^ j — *"* *8 

/lz V Cjl ,40.2°C Sjl ^ ^iJbw-L dLjl j^ **j.> o— j .0°F cJ- U •> 

i +MMK^fcD a ji^Xl 4 -^ OIj ^5"* Xj OX*^^ t (^l 1 ' n /3 

01 lit. .40.2°C *f >Jt dX~X .98.6°F Jlj^ 

.'\\±\ Joju <Pj-M .XjuX OX" jl y>- **■ j* tjJi; V" (a) 

. <JX-*X j 3 jjjj 01 ^ j ^ jZ~» I J Jl L* JL»! OJilJ .aJUJLi OXX" (b) 

* * 

.\jlp-L* *.L~>- JjLj . OuQaJl ajl ^Xl 4 j^j3 '*>Ulj A^a^tiA OXjl j>- 0| (C) 

ajl j>- ^?rj3 J jja>- OJbX 0j^ <JU5"L C...^0ai ?cjbti lil 4 (d) 

.0>Xvjajj ^ y£U 01 <JjX^ V 43 siX-flJ U Ijl^-I ^3 

^ jji 1. jA\ ijj-\ i»j> .9 

.+30,000,000 °F (a) 

.+ 30,000,000°C ( b) 







.+ 30,000,000 K (c> 

. J&L U lj\ h>rjZ -X^rji *)1 tU V (d) 

^A l ji j>- ^LSsJl .10 

.Oj\j^\ A Prj^ (a) 

.A^Ual^l (b) 

(C) 

. la. w . ^1 1 (d) 
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lit ^ y>4 o ciJL^U Aj ^ rSfl ^LliLj t jU^ 
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K* 
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. 

'U^J^ aJ^I A~Ju (b) 
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dUU *>U.b. (c) 
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h±Jxl\ tUjJ&S :JjSt 




(d) 

(e) 

ji ii 5 p ^ l- .( 3.00 hr) oIpL- 3 j 200 km ajU* ^Jai; .4 

18.5 m/s (a) 
0.0540 m/s (b) 
54.0 m/s (c) 
66.7 m/s (d) 

* 

.oL* a!* ^Js' bU^pl ^ (e) 

Vj^ J pUi1 ' J 0* J>J( y> L. .5 

.dJUi JLSl JpUJI ^ jJbuw V j jJl ^UjuI jUaJui! JpU 4I (a) 

.d4b JpUiil fjjLu*u V j j' jlU-iJl c^jAJl JpUiil (b) 

.dJLb ^L*-S3l JpUiil <-J]s2^j y ta^Ua> ail* <^jAJl JpUi)I ^Jiai (C) 

.4i*>U^ Liji *>UUj Jp Uiil (d) 

.L*li a^-lj c 5 j4Jl J^UJl *<j y ^ y ^ (e) 

<3 yth L» .6 

.Jb-I J 24li£ *lc-f Ui ^ (a) 

. aIiS"* d A57LJI a^ftil ^A OjjJi (b) 

• OjJ *4 — ^r *.^4^?- A^UJl d jJtJl ^A Ail^Jl <C) 

.!As OjjJl bl t^Jri 4P ^ 5l^Jl (d) 

.p+~£?\ (3 ol j4M jJp jp OjjJl 4 a 5"^>«43 b ^-^>r ojli* jp (e) 

jS j£jy <i>U aLUJI Silll .7 
• j to 4L^4 IfL y^j If* jls ^SvC. (a) 

.A-^A>w> 5jl^>- Or jjj U (b) 

.a L^* AjjUJl 5J144 4JUJI iiL^-i ^jA LgjJL>- jjAiJ (c) 

. J ^ -XJP y-*aJj (d) 

. aju ^ (e) 

UJ jt jup! ?a^IS3i -uiLU £Lu- .25.5 m 540 g 4ihS" p~**- i£ j* -oT Je y*\ .8 

.9.81 m/s 2 ^ oiby ^ jL-J 

0.208 J (a) 




JjSlt ^Ul jLait 



135 J (b) 

208 J (c) 

463 J (d) 

1.35 ^ 10 5 J (c) 

?L \4~J6 aI^JI jJULi ^'uL~X\ .9 

(a) 

'tijj&'tb ( b ) 

3 tiy 3 J^ ( c ) 

•f ^ y (d) 

(e) 

o-X>-j . 10 

.^JL^Jl (a) 

,4^iUrl ^ jL*J (C) 

*° ^ p, j^ (d) 
*6^-t bf djLp (e) 

^4u*J! dJyi 4-Jb^Jl L* . 1 00.0 ml Cj* ^ j 4ji 1 .806 ^ 1 0 2 ^rjj . 1 1 

1.806 * 10 28 mol/cm 3 (a) 
1.806 * 10 28 g/cm 3 (b) 
0.03000 mol/cm 3 (c) 
0.003000 mol/m 3 (d) 

.U a $l)a«ll ci^L* jl*ii {j* ...->■ /^_c V (e) 

? >1 t Uili J 3.00 * 10 16 km *iL-> jLfctAJ ^UJ> ^ l< . 12 

100 s (a) 

10.0 s (b) 

1.00 s (c) 

0.100 s (d) 

0.0100 s (e) 

iljL. JlSL-l) Ojili .13 




hJJM\ tbjJll :Jj^t 




jLuJi jjp Uiiil Jjlj-Jl (a) 

.oiUrl Jji»- (b) 

* _ , 

. 4 >tJw* (C) 

. jA jji? jjls> jJcj L*jj. p ^ijil (d) 

(e) 

jLisX»^/i Jli> .14 

, f lil ^ “fcr Jit jCjl ^ jl (a) 

• 0J-» _jl aSsj jiC- d)_ji fill ^ ^IS" (j jUi!l jLiiMI (b) 

Jf 

Oji ja- 0 >L>rjwU jli (c) 

•jA JJ jjb j* ^ j. & (d) 

jjj br (e) 

?*l Ja* j jl >M JUJJi Jiill ' jS&i «. SyljJl J > .15 

km u^.%* 10 (a) 
km j jJu 1 (b) 

100,000 km (c) 

10.000 km (d) 

1,000 km (e) 

^ L. .25.5 g aiIxT .0.765 cm « Ja* cJwaj .16 

7.12 g/cm 3 (a) 
33.3 g/cm 3 (b) 

57.0 g/cm 3 (c) 

13.6 g/cm 3 (d) 

.oL* a N (e) 

4jsi>dJl (3 Jj l j g i’t . Q ~ 3.00 m/s 2 oL) 4 PjL**o ?r- .17 



^Jl AiLJkl j fA .p-J h^A jAa ii ct — 0.00 S V-*J^ 

?t = 5.00s^Ui j 

«• 

0.120 m (a) 
7.50 m (b) 

15.0 m (c) 




JjSi oUi j^\ 



37.5 m (d) 

.oU ^JUli <5 Jufc ^ (e) 

tjuil f 0sJi J .18 
.djl N (a) 

.2 lLT jl*jj V (b) 

JL ?rjJ V (C) 

4^- JL ^ (d) 

.a~Jl j di4v^-f os-S/i (e) 

<ij^ Jj AiUaJl 4A4j (JjL*Jj JuJl£ .19 

.J>l (a) 

•y* ~ j*j* (to 

■Ao-V (c) 

■J* ~ f'A?^ (d) 

.UliJl J f*r (e) 

y-S £ ^ jljJ (j-Aiw 3.55 m «' — * ,^50 2.00 kg £»j .20 

?_^Al J^*Jl jIjlL. yb U .5.70 m/s 2 

40.5 kg*m 2 /s 2 (a) 

7.10 kg*m 2 /s 2 (b) 

1 1 .4 kg*m 2 /s 2 (c) 

1 .25 kg«m 2 /s 2 (d) 

. ok. jiull al» ^jA V (C) 

ijljJ-l j* 0^4 -21 

,4-jllib djj (a) 
.ipLJL ^ (b) 
.apLJI* Btu (c) 

(d) 

(e) 

\jf 4^+S' ^\jl£ .22 

. ^ * -i r I 4 P (a) 




bjJ*A\ *b>iJi : JjSh 




x* (b) 

ibT (C) 

. r ~Jr\ .d /■ *l4i (d) 

.p~Jr\ *Jj>- (6) 

.3*32 Xl0' 5 /°C ^*ujdi <^jl y\ <L»U> 1 ,00 m *d^l» j-* *23 

j y .« /> *. ^ ‘ 20 °c io°c c_-*-^ 2 aJi (. 5 bi 

0.0000332 m (a) 
0.000332 m (b) 
0.00332 m (c) 
0.032 m (d) 

•i/V J> Jjt jbjj v (e) 

^i^JL^Jb ^ .365 ^xg S^lil by ,24 

3.65 x 10 5 (a) 
36.5 (b) 
0.365 (c) 
3.65x1 O' 7 (d) 

,<Cj 4Jb5\jl {£ (^4jl C5^ ^*0** ?* i (C) 

oUt^jj-1 cJ\jr x~^ oU j _^Jb .25 

^ ^ j .|rt llS*' a! *)l 

.o J LaJI £ytib\j C->\j&\ *Aj JoJ (b) 

> 

, \ yA jvP jst&bS' i ./8 7l (C) 

Cr* (d) 

/Ajy {j>- xSjA (e) 

^LJ- o jbLs E = me 2 j~k; .26 

. Isbb-* 5^L* — ( Jx'LiJ ^ 4^Ul iillaJl (a) 
.$.LJb ^Jb ^ ^4Ul iiUaJl (b) 
.tjUaM 0-bill £-> 4 jor**~5*jSM ( J-£ , bij (j-* <4LJl iiljail (c) 

.C,lil ...5" jl dji £- <3 j^ l_t* 4l^Jl (d) 

,^LLl *Ull jj>^ ( e ) 




j ft *gi 



ijjiJrl if- j •* ^U-i .27 

•Lr* 9.8 m (a) 

.Lj jaJ 9.8 m/s (b) 

3 * 

.Lj 9.8 m/s 2 (c) 

.Lj 9.8 m/s 3 (d) 



.LA ^ oil^r! 4jP ® jLp j| $d^pl Oj! ^il p-Jijl 4-*»J (^jL**j V (e) 

;500 g l$ibS” oil! aJL^ .+200°C «j! y>- jwb «^L* o! — i*! .28 

.jl^ojl aJL>- <J 5jl >r >JJ <w? Ul jb\j .^15* +200°C a*- j-d! (j L-U? ^ — ftj 

orjjdL J^lT j£io JjL- J1 l*Ly£j or kill AilkJl JA 50,000 cal dUfL-J Ul ^ >1 

?S*lU d JLA 5jl^ ^ L. +200°C 

.oL jLLl «1 a ^ UOjJ^- V (a) 



0.100 cal/g (b) 

1 .00 cal/g (c) 

10.0 cal/g (d) 

100 cal/g (e) 

.29 

.^jjUJi dl^-l 3»i aL‘UJI dbM <3 o^L» ^jA 4^*5" ^Jj A jjj^siaJl ojl (a) 
.aL'UI aJU-I Jl JLLaJl aJU~I J oU ^ 2^ 2L*T Jj A jjj^aJ! «j' ^ (b) 

.d^lil Li! I j! (c) 

.old! Jumwj jllp L dj! ^A-l (d) 

.^li! f jl**- (e) 

^i! frj^al\ A^Lw^i iJjjil oJj>- jil ^liij .30 

•<_r\>^ ( a ) 
, ( _ r SUJi (b) 

.b^JUlSOl (C) 

. J >M (d) 

.ol^il (e) 

J> j-dl j-* L* .31 

.cliSi ^ ap^-J! jlljj y j cJLoU-! ^ ^U-i jloo (a) 




bJj£A\ ibjjdl :Jjty 



.2JJ:> JLp ap x^in.7 ^ j Jp ap^JI jujju (b) 

^Jp 4P^*Jl JUIaj" V J td jiil ^Jp 4^ J Jl (C) 

.Lilh ^-lp ‘IP Jl JL»Jixj ^jip APj**Jl ^ (-*-*>/ ~LaJL*j (d) 

,L»U? 4-^ <£j — ll j Jl *<iy ^ (e) 

atyJb ;u-l£ji ajUaJI jl, jJ. j&r ,32 



( a ) 

■£ r iJlijlj J U (b) 
.ijliJlj ^i j, j!S (c) 

!*L' p j^' (d) 

( e ) 

iL^ls ^ L. .50.0 km/h ji Js- li ^ 900 kg » jW~“ J i ^ -33 

^6_^i .«*Jl dJLft 4^* j>- 

450 kg # m/s (a) 

1.25 x 10 4 kg*iu/s (b) 
4.50 x 10 6 kg # m/s (c) 

2.25 x 10 6 kg # m/s (d) 
6.48 x 10 4 kg # m/s (e) 

il dJ-A y^j ojJ>- ^ ^ . j Li^-Vl ^ 28 J' 3~Jt Jl -J .34 

. ol> jjjtil 4 j_A IjtJj JL£ V (0) 



0.100 cal/g (b) 
l.OOcal/g (c) 
10.0 cal/g (d) 
100 cal/g (e) 



.^JaJI JU- a~uL ^U; ^ 5.5kg 



d.5g L$-Ai5~ ^Ip-j — >?■ -35 

0 jjIj j*JiSS **m (_£ JJl yA U 

■ ywsl f-***- ii £ ' j5 Jl OSf L . Jl (a) 

. j£ 1 dji LyXpnJjj Ly. 5J AlilS^ ic-^JaJl (b) 

. l jilLj J ^iil ^k**> JL (c) 



. AA*I jl> jiP ol^-j aJ V Jlj^-Jl (d) 




Jjty v’M' jW>« 







cr-W^ 4 * 36 



.<u~ii (a) 

. <liili£- yj^aJl <UX> cL^^Xj (_£ ^iil ^-Uil CjL^jJJ <3 (b) 

.U»k£- yL ^ all AjaXi ^3 j (L^jLi c-jli ^IX* ol^jJb' 4 J (c) 

■ Jj^]l t) £*3j fO^-o (d) 

* > 

.Ijbs- a*Ju ^il lj\ JA ol> jj jllp JiaX. (e) 

?L # b XJU! oljUjl ^ ^1 .37 

. Aj>*Sj» 4P j*m J^*-*’ ^ (£l) 

^ L * b ^ r- £>-* <** ( b ) 

• bU sUVI ^ J >* 1 * p— Jr bVl ip j-Jl ^bji 0? j&L (c) 

.bO «Lp^~-Jl C.. - a : ii j>Cj* p— *Jr 4-j^/l l*J- jj&i (^) 

.b»b» x^S *s-j ~ Ji (e) 

^ OfwJU iU\j 4jjb>- 5 ji jv* £ji' lij .38 

.4— Jii oLbl jjJai (a) 

, l jJbi (b) 



•M > u (C) 
.<£ jiJl jjuJi j jvi; (d) 

. #bUf j j_j U » jLp *y j (e) 



V cj L i ^_o]L) S-«-uiJl »JL® ^_> jbJ liL* . 10 k jl-ixc. a* J* oj\ ~~ o * d~ji ,39 



18°F (a) 
5.6°F (b) 
10°F (c) 
273.15°F (d) 

.cjL* jLdi ojjb LaL~>- ^ (£) 

* 

Lj^a) ^ L«-»«j L* j * /3 « * S .40 

.ol jjJl (3 ^ ^ cZjIj y ^)Ji^ -^Xp ^ y*~^7 (S) 

3 ^xp (b) 

.oi 3 ^Xp (c) 




AjjJLteJ I : J Util 




j>j»p ^ y*^ (d) 
oU^yJl (e) 

31 yil .Uly J oU y^ j culj jyj ii** i,oUJl 0 ^ ^Jl dji L c .41 

?$JUJti-l djJlU ^Ju^j y* b» n£ y^SH djJJl ^ j^]aa l$\ j±i*J Oj.i L« <^j j!hj 

*• 

. j JJ >JU Uii£ I jalaJ j (a) 

a# 

.ljl- y" (b) 

a» 

.L>-^ jjj £ jjj\ dj£s~* (C) 

. Ljjil^ ^* 4l P dji (d) 

.d^Ul ^jj bf d jLp V j (e) 

^Ip j?-^ ® ® j — ■ — j y ^ j .42 

ip j^-o d y*^>- Jp-!*2- <S J* oUjJft- y N d j>^ i£y — £ .Jp jSfl 

fi Lz^L U JT 



.d l)1j 



yM <y* £y iiU*i 

i^y y^b&il (a) 

jSU <Ub£ji alpjl (b) 

_jIp '-b'y* Ua * v» jS/' (c) 

jSb iibfsJl ;>by«- (d) 

jSU ojjJi ^by~- (e) 

Jit" y* *j'y^ -43 
.iiUail (a) 

.iiUaM (b) 

.«IUI J* (c) 
.aiUlJi^d) 

.i/>l iiUaii (e) 

jjbJLLit jJl w» yJ liij jiU 4 jSLy iJb^Jij iiUaJl Jxj y .44 

.oiUrb (a) 
.iiUaJi Jij Jj-*jc. (b) 
.iliSOl Jij J.W. (c) 
,S.yai\ £>y. (d) 
dwLio (e) 




jjSt 



tAli-io ^JJl SjjiaJl 500 >ii j^\ JJaj d^LjaJ l ) ^ j? Ail .45 

?i r ^S' <£■ I c^UaJl l-L» jJk u .400W fliauJl Ji j* Aswiil A-S\JlStj.l ApUa^-VJ 

0.800 (a) 

1.25 (b) 
80.0 (c) 

125 (d) 

.CjUyUil 4-1* ,yt A;l~J- i £s. y (e) 

01 ^Ip l^l-*-*^! . 1 ^ ^^Jp .ia^lj" ' b .^jLb Jp ojli.1 AmP » ~ ■ * 0 ^ .46 

( jfc olll oJla 01 ^j.a5u> O^j^j 

.jU (a) 
.Jj'L- (b) 

. y .1 ^ | i o^ 1 

. aX*l*- (d) 

.iijUdl^ A»ur Jit (e) 

^ J yJl f UiJl J ijii\ i±>- J .47 

•f'^l (a) 

•OiloJl (b) 

JM) (c) 
.J^p_jLS0l (d) 

■u^' ( e ) 
ojsijjJ' -48 



■^sjs (a) 

.iUill 0 yjy. (b) 

■OjJ&l (c) 

.*1^ djj£i \ (d) 



o^-jj ^ V (e) 

(J 4^-jjL J^iaj flilU j £ ol£4j ill ^ *1 .49 

JlLP- tJaw.^aJlj 6jl 4o>t-j^ <3 ^>- i4-JLp 4^jjL JjL-^ j^iij jt 

. j>-\ (3 








Ji>- (a) 

( b ) 

.4,^5^ (c) 

(d) 

.SMil aJU (e) 

^ (MH 2 ) y j* .50 

.4k$Jl (a) 

(b) 

.4P^Jl (C) 
.4^JnJi (d) 
.o*>Ul l£ « jLp ^ j (e) 







•V 



C\pi<f$£s 
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OJjf OVI <jl>- . A-^-~-^d^Jl w-1 ^^JaJ j tO^/l -Lpr A^Jb j*ijl c^L-^b ^Jl ^ g at 

tfcj» coU^Jrl iliii .dj-iL-* Lfllla^-^b* V tLj*ty J-*P A- — || gggg 

*JbM ^ b*Jl ^j-* ^-Vl (j ( j^l^wiS/lj LjT JlvaJ^flj c J j — ill a jUi OJJ jt-iT ^ — Hji tt* ^ , ; .., <« 






►- (JL^-I aJl p aj j>*~* jy*J C—»IS"" s.L-i*ti 







p\j uj-il] Jiis }jLt 

ji* 16 J^UL^I ^l*Aj>«Ji*>»b Ll« 3 l A|b ««^lll A^jUll j C.Ij^*a 11 dJjl L l« — '&L, ***£?:. " 

<* •-' ;■>' wV-'' ■ -.; ■':■'■ • • ■ ■• •?■•;.-•■•'• 

r ^ j ^ . ^ ' :7 T'-y}-'- 

c<— 1 Ajb£ li-Ul t ^*^1 . j *** »* j ^ _jt ^^1^1 A w v*2| Im.i> j>X# bl^v 

dit CJlT ."j*il UJ ^ja-iJb Ji AiytT. 

tbajl Jj tb ^SCJl J Jaii cAijjJ-t tbjjiib Ailxiil AjLJLiil J>15^ ^p 4 jLJL>- jou IM * 

. 4j tb j^&S\ ^ jtu b* ^juu Lp^ .a j*5* L«* a^x ^*»JLL l j^p 




Jam j Ol^il j a 3_^^ aji J! aji 

j j£j y& ^L^Jt JSLJI .a ji Jl a ji JUil — l! cJ ^ — *t 

.aJIp a^S" y»- 

jj^jJ . JUai]! A^aiJl ^ 21 P Jj* AiyJl djl Aarj.3 j tAjuUJl ^l^il Ju Ji^l ^ c 

^ j>-\ AP J cj>V J*i \ j cJbjJ-l iiliiS " J -Jij^ Uajl 

* 

till ,a1l**VI a-U Jl>“ I ^Jjjlj .blajl a J^*?r Jjl jOu j .(JlJJiPb t 

^ . * * * 

J N C.-^ aApUl* olij^rlj oljJJl AjLwv? b* jh^P ^IjLiil 

.tb lii*- ^2 a *!>lib ^..,^2 of c Jib" 111 c^SCij .a^U ^ 









^\J\ 




UJ .ttjJ-l r >^ £ ail olij^r JUfclT jjin- ^ JiUl j oU J^V 1 J**“ v 

.oijJl JT oljJJl ijJji jiP ^ tiili .((1-12) j£i — H) Sji Jl Sji j — * Jii — J 

• V s " ^ * jS- 5 j oUj^J^S (j- 4 j j*. 

Aja.jU <ujjjS 1) S^iS 




^jli. Vjj^! UJjty 

S jj S jj ^jLj$£ 11 JSU11 ^ CiUjj3^iyi Jinj :(1-12) 

. Luuj<a I IlA 

Ji ^ 4jjU- jl djU- Jl c-jSj ^-Sj J5^ j y>*i c^bJl j* J 2 — £ 

tl^JLp aJ y^~ 5 ^3rwC. o ^xjl jjA lilj couaSI Ula J5 ol ^S3l 0 jij OJ ?rj li] ,4J <£ 

p^f Jilj .lJuaSI J JLp aIJLuII ol /U a^ — iJli 



JJM 

ff 

yjLe UJLP ^Jwail Jill* - tJjLJl Jtdl J cJua)! J jt ^JS' ol ^£ji jJ j£ Ja — j J lil 

* t* 

,4-Ljju* j IJbr d jyu^> OUT g,U»^lj cA-jIj ^£ jl ol jLdl JjjJU" oX^ ^1 y ££ . Lfb 

S—^Sj t^U-jll J£*j .(ajL*-^ Jiljj bfy a-L*- A-ftj JjS j& j* i jL& oi jUJl ^ — J 2jla jl 

«*)\ J* clo^ LJL y£ h jlp ^lil JiL" . Jjl yJJ ^S cjX^!>g! j c J^l j ccJUrl 

L Jjl ^P 0^l*ll Ol <1) ^ LmJlI ^ ys*) 0 l*JUP ^ilajtj A— il 

.‘U Jiij >* ^s 4i5Lto j-uii of ja ^ )\ 

jJ jluJl Js»l j£>-\ <d*i>- iJLA •^y4' OU>-S/S ij* 2 *! l5 aJjI*JS Oilil 

^IJl>cX^I jS^c. .jul^il ^jy ajj>wJS ^3 <3 jaIS J^uL- /^]i olj jy^^S jiOJ UJt* ca-j^ oL>wJIj 

^JLp cL^- tolit^ilS^ Aiutil aJL ^ 53l olj^il l $ia 5iUi^*>U djL«i.i a]jUJ1 ^! j Ll 

ja^>w ol£ir ^xikv* jlp .a^U aJU- jiJO Si ^ Lp oL> jj 3jJ l 

ja (~j + jS v^y 4 j' u*&j ‘^) c&?Uj — ^ 

•^Sj y^Jl i- Jail l ^S-^j ol^wJl Or 4 £j>Jl 1^ ^ j S p J-sAAj 







1 j4dl 



CiLajI&aD 



<» 

,lJ->r -A-*- c J^*iu <3i 'b? >r ^Ji j^LS*" — ftj ^ *« 1 

-LSb ^Xjl oL> ^J^-Ll ^pJJ ,0^J ^^-3tfcP (3l <Jl ..rtl I, fills" <_-jl 5iLstf>^J 0_jJj— ^il 2- ltli ^JjJ *J 

jjiJlij ^1 >»jJL ^v».,.,J bi^y OJ^V 1 3 oL»jUil 6} . tul^jLiil 3 jL $Jl 4 AP^i-a Li 

c-^aii^-i LfcJLS^ <u_3 cj^bjl LJl5"j ^^: : lilj c-objl Ui^ c^jliil a^-j c— ^ai£l LJjT . jL dl 

.l*J3b 



.(ft) U-^jf jq- 5CJ1 ^r>Ul c3 J~\j OL>-Sfi ( Ja*> 3 LA y jij ifjfyb aJ^-? ' A — * jLill ,j3 — ^ 

1 JlS Lfjf 3-3^Jl (S 04>-l <3 {3j*cl**j>+a j 04>-Sll fj^*- 1 . <3 y* s^L^ll Ijjb 3 
aj oobjl Ul5^ j ii>jLill -bk-J <^objl L05"” ^ jS/1 A^-*i cblS^ L3S** .^^jbOl OyL> ^ — Lp 

A>jLail 0 01 ji OlS^l jJi 3-*a>L>*Jb* a>jLaL 1 0 Of ^jb j-^J 1 ^Ua3l <3 *^Lp ^ya aj . jLlil JjiJJ 
pjfbJl OIJlAaJL djl ^4-1 ddjb ^pJJ .5jl ^>- ^1 2 «j\j j-^^1 3iUaJl J 3>jLiii 0Sl t<yai>«JL* ^jVl 
^j^P j*>-LJl OlAiiil aJUJI j^Jrl J 2jL*>»jjl ( jiajL2i*J . Wly? AjUe? Cj'yU’-l |*Ja*-* ^ (J-^J OjLiil 

dj^jaiM ^^3rl oli> dj^j^Jl ^1 j^Sfl uJlJc? l.w»i IJl^j .3jLwJ.l aJL 2-j L> y^^Jl Ja ^Jajbl (3 4 -*jLJLLI 

.5jjl*^J 1 4>UJl CjI^— iJl ^Jai (3 



jUfl 

( _P § ^_^ > ~ jl^l '^ >r y. t®^LLl <3 ^>*-*idl ^ ^ *JLprjJ L*j — j! 

,<Lj\j 1 ^ aJL>-lj ^JbLAJ djlll iA-Jb A-i>«-iJl ^il d>>l jl 41>**jJi 

t 33b^Jl A^>w»iJl o J l>- j OJUL^ l : jum jj <3^J Ai>*-iJl < J^*1 j >■ t_a - ^ J 

c3j#yAl)l <I^i\j^j^| 1 ••• lt A^>* i *» H ^jl ^ OjljdJi j 

if n 

^jA f' 1 ^Vl oJl> - L^iajt oJUJlS^ jyAiil oVL^ - ! < j* ajL i <3 ‘*^ j lj‘^l c3 _y ^ 

aJLx jl A->- jji oLi^jSfl 0 ^3 01 -A-Jl-f AJL>iO0l dJL>* jJ iJbiJl <■ ^1« 4-1 

& 

, A->- yA LajI^ AjjdJl {_£ ^-Jl ^ 

<3 .AJb 1 (3 ^iaij ^jA 4l>wJl jj>- ^jA ^JL P a^Lp jJ?. cljJiva jLlil 01-^ jJ ^ >~ 

(10 18 x 6) 6 Jl_>^ 1 jW> ^4*^11 4 a3j A* ^bj ^ a jb 

jLiil ^jp lL>Jl^i 11 4i\_43-l .2^b ( J l ^ Ajj>x-jJl J^»! j>- ^jA b-lP yu^>\ jj .a- JldL 

aJ j^jij) OjJj&f . iJldL UjJj^JL? OJDi ^Ju IdJ t^jLdb Ai>*-»iJl •*- A__J'yjij 

(C/s 1) 4 ^Ldb 0 jJjS*" 1 jl— j ^-iJi jLlil ^^p-b . 1 * -Aj 10 18 x 6.24 Lj jS3 (C »— > 

(jl W — 60 ^Lw2-/* j^rLL^j *^b jjl _^Aj c(A <-3 j4-b aJ J^jJj) a S'L 

0 U1 ^ A 0.5 

OJJLc JjI jJl J-^ail -g>- aJ V tUjb Jl 4 b* IJl^j - A>jlii1 3 jM^ <3*^ b»xp djl ^4-1 jJj J 








^L^ail b] .Ibajt AilJaJi y* iS jUv* Ij J^“^l b'L»-Vl (j»^H cJ ^ >£ .3 — *jLL» 

# * * * * 

4 4 ^* J*> ^*j^ yaU t J-siaJi *b5^> A ZaJula jJ^J <-bk: IAaP ^ .♦. * ^b 

# 

b jk ^-J b£[ £^Jk*i jJL -^- Mi j £- jUa> b^ *4-JjkJi Ajbbil y £tLJ U? j£\ &j\ y~ gZ, J < t-j> “ jil 
jbb J^-*h * jbbJ <>* ^5" Ja-I j> i jb^l ^j-* k jiS^t 

^ ^*-* A~%iT jlJUo^f ^Jjt 

jLlJi i-k ^pJj .cJLJi 4^_.. Jra SH (Jl jli t-JaiJl b ^Jb j-Lsft <ji-Ll; 44 b j *iJl <3 

* * 

J* jb*ll i uii< 1 ft i (Aljljaj bj ^^9 b'l^A^ b| / ■ «^b 

^J- ^~--j J a-iJl gjft obj^$lJ^|\ <3*-^ .xJb-Jl Ijbjg^H <3 J^-Jlj j a. >r ^ll 3 jI^.:., ll 

j!^jJj , i— Jkl)l <— Jbkl -Jakl ^J> 4^p5^bdJ at^Vb 4^ l»y(j i lt^ i f lb—. ^ ..Jl 

, 4^Lp Ajb ^iaJi dJU^ ^ ^ b 




( A i^ ni . ^ ) AisLdiS ftjjisa 

<^1 1^] bf bj^ ^1— *rSn <3 ^^-^biJ jl tob ^»L p-j Ai>i*iJl ^J>! y~ -k yZ jf C^^- 

A-i Xjjk^Jl LlJlif jl^ j C~.,b> jf pb-iJl f/btf O^k^* C.,k..* UJLP dJb5i> 1 c m j .bl ^ 

^pjl> *4jS^L*r iLfb 2yi>*-> cfJb-»— bf l'* — •*- ^yk ^j a ^ J 'S^'bj Liuj .x^a 

k— ^-^il U J> .0^* Jl ^ LiS/ x 

i~- ■ . > i k oi Vb kwUsJ jt 4ji Uil yilll J-4^ ^ itbJl (J o-k jb^: V J ^ 

^.LjI jkli ^L-^Yl IJl> 

ybjJ .ob y^S 1 ! j*\:t:^ l J5" jS 1 £ y^> ckk- t, jy^ iih>w — ^>\ j — J 

b t “ .lK' ya 4; jf 4^bj ^P X5^bJ\ j b^ « m S.i 4-Jb j^£}\ .^b— 

i:-* - -il l ck-k- 4 Jajbl ^.*.4- .5 jck>- Xi?w' b>l .ol jl+ T.‘.^ Ajcbaj 5jl j-bJl^ JLlC -ii <.aj s S' — j 

£^joi*Mj .Aj^bJl d^kw-Jl j 4 j-L>-SM LX4 jySCly/ X>S^ 1 ^ xJb ^ ^ < x3l 

flji ^..« mJ ijl 4j <_3 ^ ^-b jkil i^j>\jC£- ^ ~^y* t5^“^ 4 9r 

* 

. A-jb j*jtil 4^jkbi]1 (3 i-k ^IJl^xIa >>1 JLp lj-k^ i.-. - ^ 

0-k jyju - c /9j*)bl 43 jA-^ <-3’>bdJ ^<1^31 43-\ll (j f b^? ibj^ b- 

0. 

4 * 0 ^kfc-^Jl J^k I_jb- - * -L*J 4 4jl jbbJl ^jp lJL?r QjyS' X>t— J 4jt ^*iJl 

j-l aa!i>Jl 1 jjvj ob>wiJl i) ci-«>- 4Ai5^b> ^-Jb aj>«-^ 0 bt <*_— ^ 

J^-k ^ ^illl cbJ-4 jl -<3jbb AAJ jt t(2-12) J^bbSl ^kjJ jSl-lj k t w 1 1 ^ * frl ’ >r\ 

Oy <-}y) b^k lli* b^k' b^ L^jsJ^ <b^-k: bf t j^- C -J t (t J%— kll 4 i^yJf J. ^/j c/j ^) ^ 

bv jl (^ |^-kJl (.^J^i —fjj yy (Jy) (J^jS/^ *bb Ju jf (c-j eS\ if y — «// 

cL^^bbl aJLa ^blit ^4-ij -dkrl b] ^ t X*k -Jy ^ £=^ br' x/^) k- — PJ ^ jVl 





I jUa 



-J,) ~ L / 7 “til u^ <3j^ cj .a^a; oU J laii! ol — £1 

^bjJ) ^A AAs^lxil V-^> *XJLP ^jjfljlS - ' 4 j.-XP jJi 4jL^abJ) 4^*P O^- ^glp 0,5 y^r yil d ~~ ^ 

.dJb'LJt 

j^iS^Jl ^-Ijj tciUi £-*j <j-» *jA- -A OjX* JJ JjJi jU J-^sj ut 

. dA>-t yil 3 aapLv? o**b yJ y^Jl 



SjM 



oU>wJl obj <ia— tjj <ojj^ flJLft Ju jjJ ."Sj^j 1 ' ^aIj bl iaii jjJUj jl jL dl j 

^ y a A t ) 4*^- yii 4**JajjJl 41>«-JiJf Jbijlj L*JLIP . <ApLyaii 4 j jV 5 4 ll^- ^ 1 jA^X^JW >* 

c y>-T jlSC* j (otJ j obj) aJL- 4~)aijl ob Jb \ySj U ji £L* J (oUj J 

Cf^-3 L^b^SJf jj^S3f jf -IjJrL Ua ut jjyi ilfc ,4 j ji (emf) IJbjjS' ^ 6j — * 



(V <-3ybb a} yyj) 




u£ J (m) ‘(^ J^) S^lj ^ cijill i ^Vkj Ji jS-aj (I) :{2-12) JlulJ 
d! t> ( J ) J U£ (c) t>°J^ o# } 








.V 117 Llp O^j 4V 130j V 110 jy ^U)l pb^^&j Jl— *ill jl-^I C jl ^ 

L^-^j ^JLj ot pJiJl l$ V 6 ) V 12 5j L— J 1 4jjUaJ emf i*-i ^JLj 

,jy^L» J-^rl ( y* 4j w 2 j JajJI $,lJ^- JxiJ ojfj jJLp ^ " f ^1: c. 

j v-^LU-^l LiJ . A 1 j\j jijj tfi 1 i. jU* ^ — p 4 V 1 Ifi — *y emf s-r- — ^ , 

4 ^»jUli c^ipUai 131 . jLzil ^ipUaij 4 emf c^ipUk; 131 ,^jf jjiLL S^U l$j p O *bj_ 

* 

J~*Aii)b ^$L < 3 jjLiil 1 JUb 4.,W<»I , rr.,* . <_ia^:ll Jl jLJl < j0^lj 

&jS\ <Jljj Jo- ^Jl *JbU Ui . jLdJ < 3 * 0 ; LjjlI 0 _^j ot 0 _^ emf L*jJ o_^j jt J->*i, 

0 

<j*>Lpl JUP ^L^ail { Js* UajI dJJ3 J-Jaijj .S^Ui—Jt L? U Juu ^-U> tiJLA 3 *. 

t jLj -^>!- jj N .L^ J— ijjUaJl <iJJ3 3^ . b .) J . A__ r L>LaJ) 

.jcklJl jy J-saj Jib 3 *Ai« oi jUU 

^*i*ii jxj jJ-a — juaj jf JiU j j>*5" jLj jjJ, o jj- — £J i emf i j — * — j V ^ — * 

^yJj c(lJ^T) bUpty iiV Jb 1 Jft-T jl^J-I J-U diS3 ^ .Ijl *■ 11 - c5 L^ 

jji-Lj N .iljL J-3T p-Pti£ j*-*Os- (_ 5 ^ J^b> 1 ^Jr3T,-7 3j>wJl ^ olj J i j5^ dJ p 

0 * 0 

3^1 A J .LjiXm I 4 ilKjTr ^ y*l A 1 I bl i I P { ; * 1 m ■ '^*1 Jf^' 1 J * J\<b— b fcfc- . ... J 

.5j3_p 

AIa * f 3^1 1 4<>l^b jj^il ^jA jji^Jl Jl^ (3 J^JL — / 

J j 1 ^ 1 y-f- y l-AA) jW (Ji^ Js — ^ j!) V 117 

J ^ ^jA $ ^'X£' jS* ^ JbP £t-y2 d^J Juill b4 ^ * «*«_' 4^J J^jl 1 ^1 . 4 j-l*J llj" 

jJl 1-Lb (3 w-b^-aj c... <1 .^>jj Ajbi5^ LL^( c— 'S' 13| lL L a .<->>- 

I 

AjjL <- il UU-v aH 

4 <yb J--^ j-lll culiala^ A^.1 y (jLp IjjU Oj^j l )1 4 A^b j^^Jl oljljil J-^ ^ 

. A-^b^S/l jy* l.b,b *>«A 1 d-Lb lZj L isjs **S I j ^PJl) ^ — il^j 

d> 

Jy 43^0 ^ , 4jLJU £,bJ*S/l Jl«j ci->bbJl 4.^^yall 4 jLU15^ L* 4 j»J 4j Ju^l A 1 .-7 b^f L4 

k» w 

I^-Iaj < y O^Ja^ijiil Jl |*1 aj ^JLS J^-^Sfl 3^ 0 ^jl jil ^j- 4 44jjLiil dLLb ^ — - lJ >1 — 0^ 

# 

.(!LLL- ^ M.^all c 1 wT Jui c.-.'jT' 13| <jl^i) 1 iilll 






4 ji <il i mVI J^»jil 

^ .W :UL ^AiU j! \£Lm JtL' (^jjl jjLlj y. Ja .Sfl . k>^l >_• ^ 3l 



ijyrtli d^lp <biiil J9 jbibt 



j . b^bl 





« ylsJl 



Lil jl tL^-sA»w 40c* CjU jl toljljJl ^jA ^1 CjI — ) aJa>*-Ll 

J^J L 5 ^' lM jf M ^ y 7 y* y . y ^ — JU £— * J — **J 

kiili 3ail>~ . J) yJrl ju**Jl ^lp * 4J1**— iJl *>— ■" *^ 4 **jL^-__J| 

.3*1 yJl 3^J Ljai* JaJa>Jkl ^^ip 

3 ji-5" f.!^ y- 4jaJsj £v?j ^ 131 ^l?Lai)l ija-aJ <J <jdy^ y jjP l)U c^jJ^U Ua>- L«Jjp 

Jil yi\ ^JLp ^ ^ j c~>1 j jSLio 5 yU* Jil yJt JUul aUi O^J ot ^ .JilaiU ^3%" Jl__p 

.aL^j}\ J <J!>(iil 

Ja£ jl aJp ^y-j £* £ y^* i*jLill Jl jLioj .£■ y> Ja£ i*jLZll Jl jLi, — j 

.(3-12) J^-iJl J 4>w? y jy Jl oi-* jl .aJI 4*0 £* £ y^> 





0 



M 



(c) 



OU*j lLl^Clj ojj* 2* <AjlLa . (j/ljl^ \) fljji^a <A jULa (o) .4 uj\j <a jlia (I) ‘ (3~ 12) jLill 




%lfJl J >Sft J*L! .y-^/l y JJal t<jyjly* 0^3^ 4?- 

4jjI yll J? JaiM ^y 4-jlxL* 41<wJL*o Lg_Jl jLioj UL^JL-J 4Jy^ y b^->- oJLP 4/ j (Ja* If Ji *J 

•ijjlJaJlj 4-li-l j_^»j (4-12) j£-iJl £*°y~ •ji^ a *~ t }ij^~ji^ ai ~ k }ij^ 

jja&\ c>a*J 

y-j y OU-Sfl .yuu t) 5 ytaJl i4f*- ^ * .j— JtjJj L/ ~—jtill Jl jLi — j 

to yljJl oliljHjr. Ij j_j^o t!~>- t(cJ _ji ^LL*) V jl (ju-*l — 5-*) mA !>t: — « t^l^ll 

^Js- £• SyljJl £_y Jl OL?-Vl <J j^Ai .(1-5—12) J5^iJl J j — * ' — *£” 

y J^J dLl llli. ^-LiJLJ U jUo' ^Jl Ai>Jb ,^i V .((s^-5-12) J^LiJl Jl >Jl) ^ 

la latf. 



- ■ + 





I 



I 



I 



I 



0) M 

•VAi M yi (I) =(4-12) JiiH 







I A . I. 



0 q 

(') H 

j j^Aut-ail (s- 1 ) ^ulaII |1| * jyaj I ^5“ 12) 

* * * 

eJLi UJUj tU^Aj tU-Ly *a c^ja-s ^J t (j axjLiJI jyj^ ju ( 6 - 12 ) ^ 

$ * ^ 
j* *(AC) ^jbxil jLd! 4 (J >jSll ^j'j ij£-^ s-^i 

c5 a— A £* Jujal^* a jLp y*j c(L) yL" igSl y Ji c£-0) coLL^Jl 

,4JL>-I3 



4 aj\ 1 a$/ J juto/ £i\J* 

ijy J i~— Sj ol!^SU il'Al JJ (dc) jLxJl oljb (Jax* jUal^t iJjlf; — Jl j 

jP> £ .(7—12) ij ^kjlaStJt JaJastLl ^ dXta 0} .i*jliilj tjiyi ip j — tJ — $Jrt 

.R 5>jUil ^Jb-j */ Jildl J jlil jLJl ^-b ‘(F uL^SlI j jt) emf 5j — SJt -u_pr 

bjjjJ-l ib>-M .»_-J jJl; t(£l) t(A) jj?»Sllj C(V) oJjill oLi_jSvil a.U> i-^LiJl oU^-jJl 

j rj iL'lil Ji P <_>_,>! jLjj oV j^Lb. ililil jLf .il'Ul j; p J» 3j -j~\ j i_L'Ul 

.oUs- jJl 

* 

j^aZL-m dJtfc 1 iZj joti lil . dJLfc j_ju <i^Lp ^JLaj 

cemf yw5 bt .jji^I jUl ^ysdUi^ tOjUil O yw? lii .JU^S3l JJ» J — f jJtZi — w- j\ (J — 

a h . . .. > <UvS>ljj 4J>\p -L>ry ^JlP C jLj 

f J 6^ 

tjf ^ ^ 

CJ OjJLSj L fid'i t < $ • /»«; ,_y dc oljb (j S^jUilj t jLlll ^y> J5" iUipl 

tU jjliil ji-iJ .ate - (Jjl jl blj i^**J lJuS o jjLiil Ijja 




E = IR 
I = E/R 
R = E/I 









(t) (>) ® 

tic- jjjui ^p^]\ Aula^Ia^jS :(6“12) 

L . C.jUj <x_ui j jX i—llL Aw jJjj $<ajaH dulj Lii^a { L r i ) $g-Aji* ^Lj-aa ^ 

.ojJ <J >u-^> (j) SiiAi^j (o) sac (r) So^j^' (c) : <-5 s *fr® if~*J (s) 



W* 



.R 4-jliJI j il jlullj c£ j*»J .Akj..ij <fc S Jj :(7-12) Ji&l 





if.\j j^i\ oUt 




A\ 



,* * 



<i >Jl 01 .tf ^aJl JUiAl JLp Ijjli 0 gJl — a Jjf ^_JTU .* <* £ 

ljl*al>-i I JjUjj temf E Jai£ Aju*ai\ oO — a v ^ JlJ Ja 

iE SljL~a 5 jLil £» V-j L it j — ^Uj fc? — *jUll ljU<a — /? ^ — <kj j tjL ilJ 

.E = //? i^jJb 

J$Lio fJ i oyii 'r-Jj&i (3% tjLlilj cJL^Jrl olJL>-j flJbtLw-l <^3 j>rj £ -ij ^-^il 

‘(liA) Jir*f jj&lilj i(kV) cJji ^L&l jf fjS/lj i(mA) jw*t yiilj tcJyJl lit , ( _ 

jJe- aJjS/l jj.sUil lil J-a<- *ij£ — * i(MQ) U. — llj 

Jj SjIpI tviiii .a_jL~M si ^1 ^ o>l.i»-jjl a -Li l$L y£- <-~£ i tcJ j — «i! 

^)0aa7 -Ai t^jl j j*L* 13.5 ojliil ._jI— >- oJlS* lij .oJj y j y* ol.l>- j !l 

x 1.35 jt) 0j*L* 13.5 a-a*JI t_jL-J-l ,3 j! i_j£ .^jl U~* 13.5 01 J j — 2Jl 

•fjV' fjslj otj (10 7 

jlul\ Cibtudk 

j! k_j£ ijLJl jL£I lJ>JL 4 .dc oljb 3 jLJl |^J al£l ^ j( 0 _^L» J _jV' JSvOJl 01 

1 a ^ **-1 ^Lp Ijili C) ^ ^ 1-1 . ? ^aj 

.. dj&i 4JJ .(8-12) J^iJl J J! jl_p 

jjp o»lj JJ a-1aaJ1 01 .jcjc U 4 jj li j jLil ojyUA S^jIaaj 0 

^JjL-J.1 3 0 J .L«.. ' caLup ^jIp J ^ ^ 

.Lai ^uli "/i;" ^ 3 

(1-12) AiLi4 

s^jUll i-_» f *i\ cw 15 g4 (( 8 - 12 ) J^OJI ^lj) dc rfj— i o! 

?jL3i Kaj ^ u .n io j* ijoai 

(1-12) 

oS/ 1 10 U^a* J5^ 0~>- <tRj E ^ Jtuyti .1 = E/R J— J-l 

./= 10 / 10 = 1.0 A .{J% cjyjl olJb-^1 

(2-12) U«t4 

Sjjixll ojUll Jaw» (p cj- iV 100 <cuJ Ijl^>- ((8-12) J^oJi ^-Ij) dc jJji j 

?jUl i-J ^ U .kfi 10.0 

(2-12) Ja. 

1 = 100/10,000 = :^l f .10.0 kQ = 10,000 fi : ^ J) *_.jUl! Sj-~ 

. 0.0100 A 




jLsit : ^3 till 



/- M 




. ^jl aSImB JjLuuJi (JaJ s jlj :(8~12) 3 ^ ** ^ 



UjLLulAi 

(3 jLJl La 3 ^liJl l)} 

.^b»i 3 V-l ^-LL. *Lb4j j^SlI ^-U* jV^-W Jf — !•' 

(3-12) ii-u 

^UJl jLiil jlT, t n 100 Jf- (( 8 - 12 ) j£iJi ^Ij) 5 >dl ^jUli Ja-> *;! 

?dc J-jirl ^ l» .mA 10.0 

(3-12) J* 

i±^ il f . 10.0 mA = 0.0100 A Jl jUi Sy- ^ j' . E = IR 

4J>- Aa^J 1/ JJLi Jilj J^sr fAj .E = 0.0100 X 100 = 1.00 V ‘—'j^ 3 — ^ 

** * •• ^ • 

. d j \ m ^0 A^j 

^jIAaA ljLLulx 

jLJlj -LgJU Oj^j L*JLP dc Ojb <J ^jujgfli <L*jUall 0^' ili 

of c 01 y> 0 > ( 8 - 12 ) j j*/J 1 J JL 4 JL.I ^ui. ^ tAT Of JfUil j 

.5 ojytdl 4j » j tail 

(4-12 ) *jL- 

ojUl! l+J I — . tA 3.0 Alt j-ls-i. <V 24 J—^-l W^-S c — JlT til 

Kjjc d! 








— 

(4-12) Jk 

^ = ;_g->Sflj cJja) 1< Lfip <_£ ^ <i Si ® ^4* |*-2ll ^ <R = E/I ^ — SI — .*1 

.24/3.0 = 8.0 ft 

jf-iUi, ys CjULuta 

J^J' 3 i>c® _^U •jIjJIS’" dc »jIj (J (W li y*jL c<P ^lb) P sc.iu- ,*y\ . -»- Soc. 

:iJUl y^tJl (-layvi^L, (8-12) 

P = El 

cPs ^ia*J V Jj . j\^>S/L jLlJl I oJjaIL IjJlL* J-^ri E L ^J > " 

. aa jliilj jLiil c^i jt- bt 4jL*?- tiJL^jr 

jJl^Lc iE Vj Pj / <jui^ bj .£ = JR ^Js* J ^ jl Ojili a » . p > j — S^iJ 

: 4 ju-^il P 4 Pl)aI~-V^ J^lp J 

P - (JR) I = fR 

0 jJLa> CP j^3 jjl iJlA cP ijjg *S?L IjJt— A> jL lii Ji »-L 

■V% 

O^i-t ^P oJeLC-f illif ^»1 .5 yid* jW^S -k*/ jl lil <pUa^»V' Jd J Ua jI iilu $Lc 

^ijl>«JL>L> Apljalix^/I upl~~>- cjJJjJ ./ — EJR * jLlJl ^Ip J j./a>JLj / iJj . 4p jUil j 

d J l> 

P = E (E/R) = E 2 /R 

.ApjLdii ^Ip 4 iA^Mj Jl> 4j Ap-L 
^plJfrT.w V) ^lw? 0 lOjt 

P = El = ?R= E 2 /R 

.( 8 — 12 ) J^nAH Jl ^ j>-\ ly jp .iplUi— VI tpliL^- (S OjjpL>r o^n i j£ 

(5-12) 

^aJ.i 4plk^-Vi ^ U .mA 50 V 12 — i of 

^djjjLli.1 A>^LlL| 4ja«ut jj 

(5-12) J*. 

f J = 0.050 A tjh-^.1 JI jCPl Vjl .P = £/ fOaw—l 

.P = El = 12 x 0.050 = 0.60 W 




i-lt jUli : jJUp 3I5J1 Jt^ozSt 



C.La jlLcIt << jaj uLS 

aJ oL»jlJL* ^ 1 p jLziL ^3 1 a-jL j^^Jt oLi ji dj^»rVt iS y^- L»JL-_p 

* 

jS"\ jL^-^i i yaju (3 jJl <aJLoa j ^nj . o.l~L£- JLpljiJ Lftij j>J cI^oaj 

(j?\ ^jA j*+a\ (£ j>-\ o^(U- (J J-^ 3 ^3t <ajHa j .S jUJt (3 5j^>-V^ c^L«jtiL* ^y* < 3 ! ^y* 

.S,UJt J oU^il J • **.^1 oU .U* ^ 



J* 11 U iflty ^Sc- CiLa j&aS 



at ,A-l£]t <* jUil ^1 p J ys^>JJ 2L*jfyt oUjlill cJslvaJ t ^yLp J-^ j J-lp 

. ^TJJi J^i J 

( 6 - 12 ) <i^4 

^jt 680J 470 j t^jt 112 1 $*j»> £* aJUSi J-^j c/^r^ 

ttJ&H J L t a w J LwfcJ 1 \ a 3 \aa ^ U .((9-12) J^-ii') 

112 470 680 




AM/V 



. JO-oIl Jc. ily^y. oU,li. JIS* :(9-12) jS-ifl 

(6-12) J* 

V*. !>' -£i 1,262 = 680 + 470 + 112 U£Jl l* jlill J* Jut ^1 XL±l 

l*-5lt jtJUU cji - oli^it oU-lc- JLp jJJi .pl 1,260 Jt jjyuJL ^1 U — «> 

^y$jU 2L>-U— Jl oj .*JL# JJ jjA aiJ^l ^Jlll yP l^jUAfcstf oUl ^rj ^P A^USi 2 lUaJ| 

.Ua dUi jtio jlii J> ijs\ij s» p*i» 41* jiSl 

£jfc» ^ 

^ip I ; I (J5 4> j*& 1> l^P <„ fl c3 ^lp C^LpUill *p JL c 

^ yslJt ^Ip <__£ ypi oL*jLa-* CuU>^ j oi A^i ota AajLL* jl5"" til t A>ljJl 5Jli-t 3 l.~r\\ 

* 

.A^j jA j ^ J oi tA^wat^ dJLPUit tL^»Lj ^J^3t A^tili (JU tt^n>i 

if 

^Ul ,oU ^U a- UjL^-t k^LHU l* jLip! ^ 9 ^ jAi l! ^Js> oU^Uil ^Ju 3 J* e£Jb4 Jt 

jA Ay*Ji^Jt Ajr.JLfl.lt otJL,lL>*<J>i ^3 .S <jt^>-^t y?nj 3 5*jLj Lj~ ‘j +j * ** ^ dJL>- y A-IiLjl 




OUjjsStyj cUwllj iS'kj&l 




5ij JaJL ^ yiJl ^JLp oLUUl eJUaJ . j — /y N-b (^*^p ohm Ja — aJj) (mho) 

Oi-La 4jLv3 j ( -* .■ 4^. 1 1 eii pr^' £s^“ ^ . ^1p oL»jLa1i L 4 e3Ulaj i l 

J^-iJ f_}l (_il Ji^j .sUp^I 

J^Uj uJDi ^P jj»*Jl 4^jlill ^ jlU j -.^..^...Ih <Li>|jJ| .(j iJULJl j>j l)| 

: ji * aJl t5_)Lw" ^ G )\ R j* C.T ot ^1 J»l ,_Jp Cf uJu^ai \ J jjj 

G= 1//? 
i? = 1 IG 

(7-12) ttyu 

US' t /? UjUil ^ _j 4 /J 5 Jl i?, l^p* 1 .£ ydl (_Jp oUjli. jUpNO -Ip 

/?3 = 300 J c/? 2 = 200 Qj </?, = 100 Q j£d .(10-12) j£jJl J JaWl J jU> r y> 
tiysjA oUjUil »JU iXJl UjUil ^ L. . Jl yi\ Jp <1? 5 = 500 Qj t /? 4 = 400 Q? til 




.^jljgJl -Lolc. CiUjliu : (10 — 12) JIliJI 



(7-12) J* 

G 2 = 1/200 = j iG, = 1/100 = 0.0100 S J* ^oULt* Jl ol_- _,Uil J , _^_ { 

G 5 = 1/500 = j iG 4 = 1/400 = 0.00250 Sj t G 3 = 1/300 = 0.00333 S j t0.00500 S 
G = 0.0100 + 0.00500 + 0.00333 + 0.00250 + J* UUl yi\ .0.00200 S 
Uj .R = 1/G = 1/0.02283 = 43.80 Q Ul£il u jUll j /j JUJl j .0.00200 = 0.02283 S 

J! S-i^. «v'j— ^.j—Z s — £ t 5_.U fl—ijt Jpj_JI U_jf 

•Q 43.8 

<jl (_^ jUJ 4-lSJl UjUitt U t U 1 ^ 3 t y**^ ^Jp aJ y* oa! uLjO Oj^j L*jjp 

U£J| u jUil 0 4 U 4 ^«p jiS'Sfl .oil /il (_J^ U ol) j Ixi' « 4^1 4 4 jU« 

: S4 jU.4 (10-12) J^LiJl J oL-jlUJU 



/? = 1/(1//?, + 1 /R 2 + l/R 3 + l//? 4 + 1/J? 5 ) 

:JSLiJl ^jlp iiu * all jXi-> ^U»»i«»l J-A44 C-jS' lij 

7? = (V + ^2 _l + ^3 _1 + ^4 _1 + ^s" 1 )" 1 





it jLsJi : jJls> 



SjL^ll (j 4j lui U L./jIj j j c j^a>».l £*Pj^ OjLill oJLa 2ju*a — * J — <**]! 0} 

.(7-12) 

A cIiUjIIaH jUll 

L^aii Ji>-i <3 j^pi bi ^^Jp t*X?r Oj ^W . /al l wLk*Jl ^yj \*pla O^kXPJL^w I ^j— A 

JT . <LJIj o jA ^-jL^aII ^j-«jii) aJIjlx^I j byalt (k_ 3 \-ikiS^I dlOp ^ ,L^L*l^j As-y^Jr\ 

IAjL^IS^ AS , y^r\ ^J.w? ^ (j ^d j - 5 tV 10 Vj^> ^ * 

.jLill 3-^>x^ail ^L-ya^ J5" V — 120 ^ bLd 

%\»6* ( s £\ (Jj alja*-* d » ^1 j jblJl O^^j t^^jLsAll A.Lk*JLx OjIkXS^ <ub-, — Lykslil ajlkA. M 

jU*j .Lg ^Ji flff.1 jiJl LJb tojUll ^ U sjaii j J^Ldl Jp ^UL* j&L *<-£ 

( •" -'•*'** # 

^JlP jl jjP ^]ajj! yajuj SjljdJ aJjulII oli C AOLk ^ JL v k U dC O^jb i^' ^3 

.lfrk»ji.) <a jLLJJ IgiT *>b>l 

L>aJJ ^jA j £ I o^<Aj O/aJj ^j^lju l/J 1 ^ c 4 jiiiP aXwmjL.mJ) 1 ~f^* •* O-*!— <*^UL* *■ “ - 1 b^ b| 

(J jbd( ibj-** c^L-*a£ y* V-Xj i-Ajyc* j-v^J ^^L-all Jj>-\ Jl jX>-l aJL>- <j .c^j — pS[! 

J j>^ .U*- j^T jL; Jp 3LisU ^Uall jJJi ^ .aIJUJ USOl ojUll V; ^, 4JUUI 
* * 

^jbxll c l I & jj+&aa J ^ 1 < «/3 1 1 Ixi^XjXk^i bl ^jbiJl IkijL 4 ^wa1*S^' ^p-I ^by<x* La^'V 



^Uail (J ,oxj frl ^ <L>- jli dkXA j 4^j*-l ^ .^-JpSlI ^^Ip 



-T ^U. 



t 5 ^ 






1 1 1 1 J i 



AjUuUmIB CjLajILaD y\\ 



Aa jL Aa JT ^^Ip 0 j^Jl (ijjiJ ^ .oU^ll ^kLJL-Jl ol jljJl j JL^Jrl ^ Aj 

objlill Vj L*jb ^yp^p Lilli 0] ,dc jL~ J 

(j ^JaJaPjdl lajapil jl Jail % ^y>^p 01 4j jj c<la>JJ l1JJ*Xj o li| 

Ji C^jO-oj E n OyS d } R n Aaj[aa JT jlisj .A^Ju jLdl Aa^aa \f j .(11-12) 
tJJ cLLJLj <i yp ys AjjljaJl Lj^Ap Ula E n wL^Jr! ^jjL<»j . <*p[y~\ dJLl; jLxJl 

La-XP ^E wX^Jrl 2jj>* y* jl j£>\ oL*jLa!| jjP E n 0b^ y liL* . l^- va . * .) ^ — * 

V 0-X^5" c-^d liliA Oj^j .d^Jrl ^ Si^pL* jl c aJLp emf^ b jb\^ (j 

emf tdjJ of jS^c 

c5 E jUaJ' (11-12) j V cJ jiil ^Li* .<S j >- f ^ dUOJ j — tail 

a" ^ 4-Liail E n yj Uxjf v y^iaj .Aj jUaJl j J* ^ J^j 





OUjy£j}|lj ti MM kali j ^U\ 

m 



^^Lki jSsjij 13} A<*«»dflj ^rfl^isl .1 ilaj ,.o>L*^Lall ji& 4 J 3*0 y* ^ybAil l)V o>b«jbai 1 

s' 

Ji E iS jt^o 4<iJJiJ .c^b*jtL*i3 ^LJLJ l j>p £ w pJ L / , W^ j' E ijjUaJl jl^t 



jjil ^ib iJLUli 1 ac ob>b ^jip Ivajl oJLpUJl oJL* <j5aJ y .4-L*d*~i)l 



*E uf j 

ill dc ol jb 3 4~*L>*I aJLpli iii 

. t-j jAj L*jb olxi! 




.^j-oall oJjl jB a 1*B £*.1j .AaLuLuu dc Jjb i j(l I — 12J JJLiS 

?(1 1-12) j£jJl d ***> >' 5> 3 /?„ <^U o^U, g;t jJJlI J^M j \£ cJuT 

Ail Ua»I ^Jb" .Ojiiib jblil C-J J^a ^1 ^jL*o .E = IR I-tgJrl .ab^ f j! j — £ Jb 

tajl-iJl 3 / jb^ll .sb^l . jw>S/1 J jVlj tC-J jill I clJdp '*-r£ 4C->bL-3-l f.1 y>r} JlP 

J* jM\ JLfrJrl Jbr f «jU» J^lT j jUl V jl !u- ./ = E/R 13} .Jt*M J US3l O jlill *i yd 

y / 

* 

, 4_U*> 5-*jUL* ^1 

(8~12) &«• 

10 lf*«> c-»b»jlill od* ^ •^bjlX# 10 (1 1 — 12) 3 a^»rjj 4 — ;1 ^ j — i*1 

JS" 3 *‘^-^*1 j-* b .V dc 15 -^A-l ajj-* -^jl 20 I ^ ’*-0 oU^lillj 

20 d>li oL*^Lail ^v» <_» *{jL* ^ 7^ * \ ^ ^ 0 oL«jLail 

(8-12) Ja. 

j^r / .R = (10 x 5) 4- (20 x 5) = 50 + 100 = 150 Q :it-J& 5—^ .JUll J^r * 

exits' til .ijUJl J i._jlL« JT J jilt jL — =11 4_J .1 = £//? = 15/150 = 0.10 A :jl— J' 

iji t /?„ = io a 



£■„ = !(«„) = 0.10 x 10= 1.0 V 




p_it jLsIl : jiS’ (jtill 



JOk <.R n = 20 ft oJtT til 
E n = l (R n ) = 0.10 x 20 = 2.0 V 

5 3jj» -4at yf j0-o aU> 01S" tit yXJ jL — tl J — wt /j — 

* 

oUjUji 5 U<d *V 5.0 iV 1.0 <^A C-»L*jUj» 

y> 6 jJu*. i\ ^Ujliil U-dL .V 10 iV 2.0 tg^> J? *A — $*■ 

.5.0 V + 10 V = 15 V 



ijc jiSB CjUjUaD J& Xj^aJl 

UJb^idl Up jlaJl Ul .£ jk& J* aJ^ jll Vj-dl a*jJ! j-jU- ^ APj^4 J^l J1 _j£ 

^^Ip aJ ^ i.1 Ll aJLmJLwm (3 l3 . .,i^a ■* jl pJju ,A*JbLdl d^Li'jU ij\ A^s-jljd 

*i>-1 ^ji ’a . Kl C... M J ^ ,^J«dLdl ^ip aJ j+p jA ALd** J5 (3j^ ^\** /7 A cs j— ^ 

o^ 1 Uk* r-Uail ot k^%" jt JJ iAjJ ^T- U.J <3uL*J-t j .ftklJ LjtS' libbO -_. t-~ I t 

.jjii ^ Lgp^jk-J ij jA fyt ^jUaLl 

JLgJ>r ^ JL^J>r (_<» % L-J Jt AamA) LojI^ j^^j* ^|S*” c< I p 4A-P 0^dl (3 

IJus .Jaii jt-$Jrl dJ-ij a* jliil { Js- j*/7\^ JS" ^ jld ju^*j » Ajj\)a« 1) 

# <> ^ j 

v*~ - cIJLumJLmo a3 j*p ajIjlU J^wj 4 ■.«.».-* LaP -jAj aJj ^il <3 ^ 

, vJO ij c£\, I 

cU->^ bt .lg-U ^^S/1 <J -LjsZb ^yV Cr 4 ^ tj> i 

.luw< 5j> j?c- jll jjail J JL? yu *^/ A^rU* ^ip jili j 3^ to-bJL?- 



Ajc- jiil I C>L» jIIaD (ji S jL*S ili) jUD) 

./? SjUJt J sXJl i._,tiil .(12-12) JSCi — it j 1>r J a; k^' k_i«dt Jl J_i 
A jir 4 ^' (j'tsit i.jtilt ^Jp i£y£- (^"kt t/j ^yii I (j jW^t ^.1 — j — » Sj jlk — St J — £sr 

•h 

SjUJt J jUt jJLij' .ijjlt ^ >sj[t / ^1 jUt tSjLw * jIjl)I j I n fj £*■ ot 

.3j— I— jJt OjIjJI 3 J-^rt L< (_5 jS. ^3l 3jj JaJi AjL^ui JiLtj ii_p ylllt 

(9-12) iJLu 

SjUJt J Osrji 4i( Uit ^>1 .V 12 >jj (12-12) J^LiJt J iijlkJl ot ^ >1 

fijjtkJl ^ ^a^-it j^llt jLJl L* .^jt 120 t^i. J5” Oj ti»jLL> 12 3-P^iJl 

(9-12) J* 

Jk /?„ = 120 (JL* -V-ii iwiJl o^UjUit ^Jr OS/ J+- OJJi Ot .AjKSt ojUll 




OUjy£j)!lj 



:f jf Oyli I jLJl jJ: JlilLj R — 10 j^Ip 12 

I = E/R = 12/10 = 1.2 A 




E 

• dc s jl^ll ^ ji Jill ^jbjaJl lW^j :(12~12) Jluill 



(10“12) ilL* 

^ cJir bl c(12— 12) J^Jl j SjUft j jA-^> 

fttUl aJUil J ^jl jj! 

(10-12) J* 

.i?„ = 120 *cJ y 12 y> JS" jjp a^Jrl . L5 U^* <^} {$\ <j jL^I *iik f jk - — j 

<yW^ Wy I n (J j£ 
I n -E/R n = 12/120 = 0.10 A 

tlillai* Uy 12 Jbs-y ./ jLJl JLp Jv*£ I n ^ £t*r £*Jk 4jf ja oTIlJ U — « 

.*ii£ AflN-dl j .A 1.2 - 12 x 0.10 o^h *A 0.10 £^y JS" j y: 

A^lwtluuA lj) jIjJI yh Aj&UaluiVt 

cJ^JLJi f js’ c^UjUL* (j y£ 5jb j <pIU^)'I Jup .JuLJLdl ol jiJiil J,l 0^1 ^ b fo 

iP n apUi^VI s- , L~ 0 ~ J^-Jl j* IjJuL. 5jlJJl j jlil c/ jLill cJ>U^S"l y> U J S" 

.P n = / 2 i? w bU^I ^ jS'Ij t/? rt I $:«..» jUl* Jilaal o^Jull j t ol ^lL SjJjL* 




j 1 jUslt : jJUp 



.ojLL* <j ^ (J>I ojl^ <3 — — — ___ _ _ _ ym ^ j 

.-X^M Ajjj ^ ja Jl oj-4 aJLJI~J ojl^ j5 ApUaJL*/j 1 



(11-12) ii— 

j t/?2 = 680 fij t/?j = 330 fl V 150 aJ-^L-j Sjta UjuJ Ail Jp yi\ 

?P 2 ik-b* fcoJJ apU*i^I ^ L. ,/? 3 = 910 ft 

(11-12) J* 

iiyoy oL.jUll 01 u .aKJI a,jULI Njt s— (4JJk fUll .SjlJJl J jlll jUl 1* 
/ = jUl 0 ^ i*~db ./? = 330 + 680 + 910 = 1920 n ^ U&l b. j\A\ jli t J—J — Jl 

R 2 ak-lji fcJLll iUlk^l j/jj .150/1920 = 0.07813 A = 78.1 mA 
P 2 = / 2 P 2 = 0.07813 x 0.07813 x 680 = 4.151 W 
-W 4.15 ,jlf- ia»Ia ^lijl aj*>C ijl jijjJL ju*JI 14a 



4 jp jiiil (111 jlill Ac-UaluiVl ^ Jjj 



.P = / 2 /? <_jl i,«../all Lsi j Aplkwl L$i» JT .iil^Uw if- yijl Ja ol< jbiil -L P 

Aja*-I^> oiJ-ll P n ApUaI**^/l ib£^l Ja-*oSfl aSj * 41 .b»jbL* ij$ A~ub jLill Oj i^j — 

JT J**- j/L .Jjjl' j* E 01 i^-s- iP„ = P 2 /P„ Aijvall ^ R n l^_~i 5 — ‘jli* 

* -* 

. A~J6 J jjil X^>r jJ* A* jliL* 



jr ot* jliil aU^I o^jlII aJ*! jJl ^ Jl a*p ji5 ojta j A^llgiwJj aJS^JI ApUaiw-^i 

LijJ Nj N AilWl .oUjLL* y£- dc oj^ a^-JU 3 dJJij . 0JL>- 

(12-12) 4JLu 

iR 2 = 68 iR 2 = 47 Oj cP| = 22 O oL«jbL* 5jli y£ 

.A«jIjL* JT Ak—I ^ SjJLil apllal— 'i/l ,p = 3.0 V JJ^ ^ ^r^Jl 

(12-12) J* 

</>! = 9.0/22 = 0.4091 W JUb t £ 2 = 3.0 x 3.0 = 9.0 j** gy lE 2 N jl ^ 

A yr^\ .!_«> vi^Jb- _j <P 3 = 9.0/68 = 0.1324 Wj t P 2 = 9.0/47 = 0.1915 w j 

. Jl _,Jl Jf. P 3 = 0.13 Wj iP 2 = 0.19 Wj tP, = 0.41 W J! jt j-^b 



t>*j J (1887-1824) cJy^^T oj^jj jl — 5" 

• oljLJl p-gj (3^-? c aJIj^SvJI ojU*)|I 







jliitt yk uijJi j^s 

dj£j of ^ J *LJLJ 4j Lt ^» ^J^ajl} ol c _ - ofj 

cojloil ij£ <Ujd 4 ^-*iib iJLfc^ . L^-lP Sj^Lyall t^.** a* L* 4 la jj O^ijl^llt 

.(13-12) <kiJ^ 5j>Uall jf ^Jlp J Ai£jL« ^ j 

iJbtii O^y^j 01 A**5^ ^1 ti t3t0aj 'blj *-*> j— J I4** JLptjJ V *w-jbi aSs., 0» (j 

jSU v j *ut jsc^ of ^ v . j>uj* ^juU L jiw s>y y i jb.Su y&i 

SjloJl (3 ^J>wJi y*tj>- j^" r 0i <^-~£ '•—* y* V' — ai£ 01 

.l^A/ Aaj ^J aiL aJIj j^S 



(13-12) %iyM 

fjt 100 jt-J z ^JatiiJV Jij &*\J\ o^jUii ^JTJuial^l 4(13-12) J^Jl J 

rJ f ioo ifuj ^ju, jr ^ yii jUi . r y 10.0 z *u* j*\ o>!>wi ou ^uii ^ of* 

of Jtp 4^jf 10.0 oUyiU ja <j\ J jlli jLdf y> U .(0.500 A) mA 500 gjL-i 

^y 10.0 oL*jIa 11 ^ jW^ 

/ 

4 

A I 




E >* jM* Jf Z U£ft J[ JibB J#» . J*» J uj& :(13-12) JiJtt 

J y + 1 2 =/ 3 + /,+/, i«U» ^ ^ .Z ,> 



(13-12) j^ 

of .500 mA + 500 mA = 1.00 A ^jU-h Z JJ — Kl» jL-^i 01 

oUjUil ftJLfc j jLdl Oj^r ^JlLU jf 10 ot *jLLdi ol jL- * a ^Aj ^ — Lp ^ jL- Jb 

0 yAi Ak-I ^ f jf 10.0 oU jliit ^ <J\ jj> Ji^rl >431 <£jr^ .1.00/3 A = 0.333 A= 333 mA 

.E = IR = 0.333 x 10.0 = 3.33 V :^\ 





S*A\ jtgjl : jZ* 



44— S"Uii <4^1 4iaiJl ftJLL Si ^*Jl J L* Aii\j <iaij o jb j JU&^I JLp i ^gJO ^ j-^4 0 

^ ~>r w^5f~tljlj J i>r jJ . ^^Sfl 4 JLa bj jfr 1*XA {J Ji\ ^y2*i . 1 jk+p L«jb 401—*3 -\j JlS-L^ 

.5 jljJl J 4-ftiislt <jy Ju4>- 4 |%ju ljij ^+£ }\ jl jf j4^il 3 

. ^gjJb 4jl |JL?- ]&«.*>> ciJJi 01 « \ $ - -. fl ’J 4-— jJb ^?b 0 y*£ L* 4^ail 0j 01 , ‘XJT 

0 

.UJb flj y/2RA SjljJl <3 ijaiJl 



4— £ .^JbJl ^jA Li-J jf JL^Jri <$**- ^ ^ (3 ^ t JlfT b*JLP »— 3 y* b* 

0 0 

.Si j^r jil ^ iJl P blj ftJLftXy* SjlJlIl bl tfljb 4^1 <3 0 ^ 01 

0 

u^b^Ld!.! i ^4^* 4^^^” i^J^' 1*^? * " **’* !■ bJ ^Jl Sjl_pUJI jL-^p^U a * 

0J ,4jjUa0l 4^*jflji] 4— i5^bt>» O-’b^lAll jS' emf i£ Jp 4«;j , a4 O^^J -^4-^ ^ ■■" - 1- P ' <J >0J 

4-. , b « 0 ,»* o dj b j»-*"j -AiP b>— Xj ^vaj cjJj j>«i 4JI .(14-12) j£^J' 3 £ — ^>y wJ — !i 
.(14 _ 12) (3 b*S~ $ v3« . ; jt_j^ emf ^Jj-* j' 




£ + £7 + £2 + E3 + E4 = 0 j j*?JI £ :(14~12) Jii» 

. ^Ll^ju aj.ua ai.Lj j 



(14-12) iiu*- 

80j c70j i60j t50 ^ gjSl\ oUjUll ji j>p\ .(14-12) J^jJl J -U^l Jt ai 

?£ 4>> .(0.500 A) mA 500 y> l^J.jllt jUl Otj 4f . jf 

(14-12) (> 

3 -fy Oyli .iUi ^ ,ob.jUll ^ JS' ^ t£ 4 j t£ 3 j t £ 2 j t£, j _^J rl j — *■ 

ii, >Jb b^u .£, = 0.500 x 50 = 25 V 0_^,j } 50 o jUll ^ Jl . J ^ t£, 5_)U 
£ t + £ 2 + £ 3 + 0j5v jj E 4 = 40 Vj t£ 3 = 35 Vj t£ 2 = 30 V ‘- r >\-~>- l^ — a i 

.£ 4 = 25 + 30 + 35 + 40 V = 130 V 




OLi j oUl 




All** 1 4^j \J /^P 



,ol£jl AjU J$ «<* J>- 4j ui U-LP l£t 

.S 1.00 Oj^i J > p <J* 10 ^ * 5.00 ^ Jpj 2 

-4^-' 



V 0.080 (a) 

V 12.5 (b) 

V 5.00 (c) 

,ot* »x* ^ ajL~>- i^-£. V (d) 

*A J* jtr*V' jLit' u^t J>s. .2 
.oJyjtj (“ji (a) 
.oi^L pi (b) 
oJ> (c) 
. C jt-cJ> (d) 

X 3.3 jt 33,000 t^i) ki2 33 o>^ ti-H W , A..b.»t.Lv*J d^jli j j—*S>\ .3 

• W3.3 tS_)L-J kfi 33 5>jUil m_l 1I ipUai-Vl .aJ_** s^ULl J~» .(fj? 10 4 

a^jlill J jlil jUl _yk u 



A 0.11 (a) 

mA 10 (b) 

mA 0.33 (c) 

.oh* j\jS.\ djj> ry ajL-o- ^ j: V (d) 



APikoVI Jaxf lil ^jwif Jl\j) 1 5>jUU J jlil jLdlj (oJ >Jb) E^j&> J* uir I3j 

IaJIiII AR^^all Ajsu*<l^> (ol ^]b) P 




.P = El (a) 

.P=£/x 10 3 (b) 

.P = El* 10 -3 (c) 
■P = E/I (d) 





jUsll : jJLp ^bll 



dc ^ jJllil ^Lp ^ 5 *^ 3 * 4 . ya <• j ya* A**»^* AP^**^ liij^xJ Ail jlii 

AajjSfl ^-jUaLI <j jlil jLiU ci^JLp^o- liL* c apj > jl j^U<ail cJ jj^l 1^1 .V 3.0 a; — «^5 

?3Li*dl 

«• 9 



.4— <ii lS Aj^ (a) 

.ibjs- (b) 

(c) 



Ji (d) 

• ■Ms-' yA^r^' J jL^Jl >*J .6 
.djlull alJL*Lj (a) 
.AJji*li Aiiib (b) 

• Ajt^^yaJ I -uliLj (c) 

.5 jjiiLl a^JJLj (d) 

t$ s+Sl\ i * jUil yjj jf loo <j~* _>ub u;-H *•»*» xs-p ip $ c^'P' ■» j— ■*- j it .7 

y> U .(W 0.500 cst) mW 500 ^jUJ (jf -100 i*_,Ub ik-l^ «jl1i apU^Ij 

y jUli j jdi jUi 

mA 71 (a) 

A 25 (b) 

A 200 (c) 

. oU p»ll .JL* ^ 4 jL~>- N (d) 

jLJ| jiJcj .8 

.<_JL-J( i_.l a i i .il Jl ^->-_ji.l ^ (a) 

.i_— »-^il i_JajaJl i_— )l—Jl *_.laall y (b) 

■ pi ^ 4*1^1 <3 (C) 

.jkii ^ jU)l id\£> )/ (d) 

qSa u | j ~>- L. .mA 50.0 oSa ^lil jl-iil 620 p~ ul ^y j .9 

fy^ULl 

kV 12.4 (a) 

V 31.0 (b) 







V 10" 5 X 8.06 (c) 

, c-»L* jinil » X* ^jA y (d) 

Vub a ^ z , J»U- djl^i j£c. V JUl ^ . 10 

(ft) 

. (b) 



.<_-iiJl (C) 

•^' (d) 




oU!l4]| 





^BC} C-^Lilil jblll 0^ . 4jl**Jly ^oL^-*^ A^JajsJ! ^%1a 4i^/jj j^*JLwwJwl jblll j^*jdl 

j» J#||# 

J&Jfj t( «J«J yX// c4j j^«XJl <£^3 C m> . jblil ^jA l«Xi iMgq- 

c_jjUi4fl jLnfl uLj*2 



J-*i y*- aJL» «JL* J*>\^- \$.~a> Jl 3 cOoi jl aU^-l 4 ] jtJ c->jb — ^SHH 

j! O-^j^Sn ^JLp i_..lfl> ^4 jcw*J1 jJu 4-JlSv^l ^jA ftjiJlJl (3 *U~jaJ al^^L) \ **\£ 

♦ J ac J ^UaiJl ^^oti: .oU^ ** c* 




L» £- y* iZjjjJl ac 4 *- j** (J <y*$\ *W-Ij 4*~Ai J\ £jb — 

y> -^Li ^ j^i <J\ L -iJ^ ^ 3 J-k j£-io tJL-> $ 

. 4jjj>-*yJ I j\ ^>-^Jl aA>-l^ dj^«xJ 3^ £ ^ JL>-I^ ji ^s» (jjjj^ 




ac ^>r yA jji (1-13) 

J ^ -1 j’j- 5 ' c/^ -^jj ®*^j j* J^° t-j*- Ox k J*j Jj* £_)lj% $'$$£, '•: § 

••i* jJL ^jji ^~k*J.i jiLi c >. . Jit ji Ajbil ^ ^ ^S0XSSfc. 

kAjkP t^^aXU jA jt . Qk> ' A -I « kk. l lj ^J*\jl J t»k _ ...-, i -l OkXA Aj^^^kJwJkl 1 ** *^ ~ ^ . *1-^ 

liiWci^ 



c 4 mm olJl 

«* 




AjuJI 



. o^jxl j . <Lm^ A^^o 1^1 13^ 



jj jin 

UjL* i£ j>r -T = l//j ( [f = 1 /Z* y' ^ i.5 Jj l)1 

jl jL&Lj aJL*J| obj ^Ji J>yc)l <_£ J>rj .CpS <,<jUJb C^ljjjJl J~Lkj c(1970 

* 

oJj>- ji\ jiu ftJLA .-LiUJlj otj jjJl i yo^o j' c j' j / «_- ■* 

.liSUj 1 10 Hz = 10 cpsj 4 1 Hz = 1 cps Jldl j .Hz \ t j? ytl ^dU 4~-L2Jl 

t(GHz) ><>» iv’Pj t(MHz) >-y» lii/j c(kHz) jJy> jL&L> ^Sl' oIjj _/) l ^ — Ja*f 

^ o>l»“>UJlj .(THz) y y> 

1 kHz = 1,000 Hz = 10 3 Hz 
1 MHz = 1,000 kHz= 10 6 Hz 
1 GHz = 1,000 MHz = 10 9 Hz 
1 THz = 1,000 GHz = 10 12 Hz 



(1-13) 4jLn 

?jj j* Lid.1; j * _>1-SvJLj ?jj ylL a jdl ji l< ,s 10 6 x 5.000 «>• y jy ^Lj 

(1-13) J* 

4 4 0 

\ ji I jUjL* c-> -L>-L y ykL IjJL *-* j\i z H j^\ JL>r 

✓ 

f Hz = 1/(5.000 x 10" 6 ) = 2.000 x 10 5 Hz 





V jUsll jUJl : JufliJl 



: j>j* j^S^. b^ 4 y Ahz l 5^ 10 3 jf 1,000 ^fiiz p— i f 

f kHz = f Hz /10 3 = 2.000 x 10 5 /10 3 = 200.0 kHz 

•j*j* b*^*AiHz 10 jl 1,000 p-~* 

/mhz = /kHz/10 3 = 200.0/1 0 3 = 0.2000 MHz 

>ai jilAj 

jl i_5^ pUi> <j jyJJJ jb*^ ^ C- — r" j 151 

,4^?r^il bl^j“S/l 1* *-.»! dJU J . 4 *jL£ A£*yL* Ayr y 4j^lllll J~$^ } 

AajaJI 

J^LiJl j 7^3 jil jil .4~pr 4^- j> jl 4 jcJ? c_j y^\ 4lSbiu jLii) 

(^1 .41*15" a>t ja ^1p jj^j Li ac 4^-y* <^1 4^-j^ ^ 1 — 13) 

. \aat JL>“lj (£“*•* J <3 c£^-> J* j ^s-A ^jLp 41*15" 4*~j3r- jLJ A&ryA 

0 

^ y>r £^1 Ills " j jijIA'yi p— b J-V 4^*Jrl <>-jil yA faiji 4^rjil jj£b *lJ tL l^P 

. I-Ia- lj\i-^ d^lp dl jJ ^Ul pUp j^^i *C5 _y*"l jL I 4jilll-l (Jj ~bry l »«■- .« i I <*LC 

jl*-^j j .Hz 60 ** y tl ja 41*15" 4 *- y ^5 jLj Sju>u1I oLV ^J l j J\ ac 4^- — i 

.4<L1p olil yl 



AjujaSI AajaJI 



i)y^>jy t4jjlyll 4 J 3 a11 J? ^JaII ^y* £^^j5" jly^Vl p— ilj ^lp ^ j< ^5j 4l*l^Jl jli fat- yli yJ^ 

U Ip AlLili SLA-I J ^ .((t-2-13) J^Ji) J^U iJ&y 4 ^* r Jb-t 2L_. Jai 

.((V-2-13) J^-SJU jfail) ^^^y^S oVUlI^I 4 j j J 

4Jj\j 4^-y*JJ 4AiJail 4 ju^J| O 4 JL- iy Ayr y p_«J 4 ju 4>- y»JJ wl3 

y : - ; yi cAaJj +jc 4jjL«-* cJa-A> a-Xi AjtwJl Oj^o" •tjr^A jf jLj y\ 4plial— I ^ yu*. 1 

.c->lj j' ji^- 4 ' j' oJy -X 4 jjL-^* 



.4jiil5^ aJLJ! 4^>r jl! 4 JL o C® j^P 4 ju jli * * 0 j 

4-L ^]aJi j <yy)\ o yk Jl jp ^JlL#- <*>- y« L^i 51 jiail j j5j ^ Jl kyj ll l J ^sJi c 5l5" 151 

faryli {,y\ AyyS' ^i5"^/l ^jja - *sdl (Jw? y 4 jLJL->- 4*j y far y C.^«l 4?!- jll jl 9 c^Jl 1 ♦ 

t » # 



. zlMz^it 








(s- 1 ) ^AaI£ 4juja A^.y |1| :(2~13) JUaH 

jUaIaS Cy* 

^•jJi 4*^Jf ^ : a: .~* < J S > jyio .A-JaJ- J^P ac 

„ 0& j^jau* Aw . . m) y Li* ill £T (^*4 / dJlA ^p-.AJ .AjLi^JaJI 4P J** 

(3yu,ail) <*_->■ ^>1 ( J*ll 13 Jlaii^l 0] .jLi^iil {j+m Aj>r ^1 Lx^-lj (3 — 13) J^-£. — ^ 

01 (jlJt^-^fl jl J^j-jkl) iwJL^Jl ^*lf 13 <0^-? ^1 a^*- ^ 1 (j L*iT clJ^r jlu^-Vl Jb«-Li 

L* 0^ J* ^ r ^‘ l J J 3 

cw^r ^il JUiitAJ ^ jJLj J^r. c JjLJI J^LiJJ y* jLlAI ^ 4*- y^V' JSAi. — )1 

(ramp) iizi/ Oly-Sll J**> j g\ y^l j* Ja^Jl U a .^JLJI JUi*^U t£.> yip J- — 

<3 (CRT) ^jJ?^ if *L*~i i f l i^^jl <J$ ^»JJ J^LoJl \jjb .((4-13) JS^tJl) 

•Jlr*^ p— Ijj jLaliJI 

^W?jj .<a1i?x 11 Jl^-iS/l ij* LjLA *V jLiuil i y^* ^1 j>*V 3 yvAl < Jy Jjj^Ij 01 

JAl j3 JUiYl Uii y> aJU-I *A* j c^ll JAl 13 JL&Y 01 .Ali,Sl! ®Ju* J^l (5-13) jSCi^Jl 

. £*ili* <*■ j* La] . iwiL-Ji 

(2-13) U*-4 

.(S 10 6 X 1.0 jf l.O^lS) SJO Jj£jI* 1.0 Ji*J (5-13) J^LiJt J 5*i»i h£ jJJ J S' jt — al 

^Lft.5.5 y yfc l* ^Ajdiil 4?r ^il yh La 







Ajujl 



• ramp i-JaJ j *^JaJ jUiia jjjua A^ja i^4~13) 

(2-13) J* 

^ ^ ^juvaJl j £-* U& ^-L?Ui ^1 5jaiJl ^ A>r ^il ^ ai; iaUl a2j j Oj 

cj .Ijn+s* J! *.U>I qa jll jj£ A^r^ll \£ (jL-Jl di ^ Ji) AWt AiaiJl 2[£\ 

& 

IjjL~« T jj-Ol Oj^j Jblljj . aj j^aJt UJjJi* ajj j-t£ ,3 » j ^Lc- ti-ibl oUSjJU a-j j! 9-i* UJl>- 
./= l/r= l/(4.0 X 10^) = 2.5 X 10 5 Hz : jy x Ji *^li. y» ^1 .s 4.0 x lO' 6 j ^s 4.0 







.<&* A+y. :(5-13) Jiifl 



aJL*I^J| SjjjJl <u«iJ .AJC>ri jilj yw?l g.lj^rl <J,| ac J g. UJL w . i l i 

.ij\> dJL?-lj SjjJb 

AjjjU a£ j*£ 4 j ; n> t t 

tit 5 j£]\ .AJliilj ijj> JjjiC. Jb J5Lij UlL i £ o.li £ Oaoi JjJ Jlii al 

<j; j Uib ^ c5yb JSLiu 5 jS3l jjJJ di;! ^ >1 .((t-6-13) j£dJl) tUiil j 5y‘b 

I3| . 4 JJaL* (jU^“) A^Uj L-^lwJl ApU J$ uJLUj ^ jA> dJjl .^J^l J$ wJL 

(^jy VdUsj<-U^ i£jy* I3L*j cd^^Jl jU*w« J$ i-^U*P jl gU*p^ I-^wj e_jul> fUJu»vi ji_r 

tLgjfcl^-i t tULJ c^jykJl al4U & ^^Jl jJ-J .LUoj ajl?-- tAJaJUil dj — Sjil Ja ai 

tUb UaUi ^ f- I J .JjalJJ . ((cy ‘“6“" 1 3) JSJjJJ jl—Jl 0U7 L Jj J->r j y» 6 y> \^a 

AJUl^f QjjS jl Hz 1 jJLii J^-O .JUJL^r UljjjJU I-Lj lU.a>- c jU«*.Jl ^vaif J3 

.AjUiU Ijj* JjLfcC. d jjJU“ dJj'Sl tAJ^ 

jSLiJl) Aa * JA A^x-lJi 0 t j^jJl aJV-U ^JJuX^p UI^j U5" 6 ^Ji £. yb j> C- £* j 131 

jl Ax»*> Ui 1 A**.d^l A^r jll t a 1 . A***Jrl * t > A-^ m-Aj I ^ !■ 1 ^ .((7-13) 

y ~ a sin bx y* ^UJl j .(x, y) ^ y~^ j y = sin x ^U ^U — JU ^ — w-L^ i 

. jLi J.>- jU^JLp OUjU oI C— 

•• h ** * y ^ «* 






\ r 



.ft liL^au jiiJ 




I 1 i k 



J^A ^ l$ > 



& 



««• 



dij*. vi~->- UjL^. tj*- 360 Ji ac Jj — U — >-1 01 

^1 °0 4^*01 UJL-J .(aUIS" <uj£jl AjUS*" ^JL* ^ deg jl ° ^ yj.} liSsLz- fb flj ^rS/l 

djjjJt y Ajgfl:ll Jsl*j .L*- ja JU&\1 1 yu> 2jj J 2 I I 0 jSj ^]l djjjJl ^ aJsjL; Jl 

jij ^90° ij^aJl gjj U80° su-iJl o^LJl o*^ 1 0* ouadil ajai; Jut .360° UJtfl a_i>-*>Ul 

.villi (8-13) J^All z+jt J .45° 5jjJL» 







360° J\ A-^j-01 Sjj-i fj jj dtj (j^aj :(8-13) JiwJl 

OljijB 

& 0 

AjJ .LjjL^i4 \ (.y^r 6.2832 jl 2;t <Jl lg^w-^o ^ ac « jy «•! j^rf Jj^u) c^r^l — Wl 

UJ53l ajIiT j. >j:j) rad <j >•> ^ jJt j JL>0 jJl jljil jil C^jl—o .dJ^-lj 0 jjl-5 Ja*5^ *5 jil Otpl )\ 

O^Jb»xi)l jup o^U-1 ^ few* (J A^-jjJl ^ Olj-^l jJl 0 .57.296° (J>1^>* — L*IS" 

.ac 5 pljwt ^p 

01 .(AJliiL e jJ jAl ^ (rad/s) Olpl Jb 0L^S/1 Jp** <j ac ** y J* — h 

* , 

OU-^b 2 tc u-*h villi j y jilj ylt 2 tt c£ jL-j cAJlill Olol^lU IjJuL* ibr j^JJ (jjijJi -c// 

.(&>) JAli ja *^ aJl ^0*^1 lJs J~b c£jljJl yii y'j* -360° 5L*lSvJl SjjjJl <j 

( 3 - 13 ) &*• 

.Hz 60.0 i*UJl ac 0? J? p\ ?Jj — dl ac jM j'ji' y 1 L* 







V jUll jJgJl : jU> vUlilt J«aiSl 



(3-13) J* 

ylt t6.2832 a*-aJI if jt-J 2jc jt o jjipI bl ,2n a^aJL y yiL jfull y)l a-Jj — >1 

Ujlp jljJl 

CO = 6.2832 x 60.0 = 376.992 rad/s 

. JaiU 2L«La ^Ujl 4 j^Jj AaJl aa jJl oAjLj jSl rad/S 377 jJjJLJL I Jj& i^j yu 

(4-13) *iuu 

jf- Jc- ?j J yk ^JL53 l. jjyJI U .rad/s 10 5 x 3.8865 3~fc» **■ / jljJt jo yil ^4* 

.Ajt U 

(4-13) J* 

jJJi _j aJUIj jlj.il _jlj3l ii y)l jJLb .y /> U ii yJl "^jt Oar t jj — b J i~ 

a y) I j dJJ-Uj .6.2832 ly yj <,£jL~j ‘2ji ,/p ^~~a. j lj 
7^ = (3.8865 x 10 5 )/6.2832 
= 6.1855 x 10 4 Hz 

:aAa («U jt il%‘ Jl y jJdl, A*yJl ^Jy £ 1 1 0 3 y (v-i 4y yk yLS^L a y)l i _ s Lc- J 

/kHz = 6.1855 x 10 4 /10 3 
= 61.855 kHz ~ 61.9 kHz 

XtuA 

P 

ac a>- y* Ju*. Sj±£- y/y . iuJj l jl SjjzJI jl y y .^ii jl -iZ . yhJL Ljajl a*— J l ^ — pjj jl y, — 7c 

.(APllaij^U) ol jJ' jt oJyill jt 4(jLlU) 

AjjVI 4jluJ) 

A«-Jl iJut Jjii'j .Ai*. Syj iJaJ- J ApUai-^/l jt jlyJl jt J^Jrl yk ac =brjl i ’Y ’/ i* // 

fi f - 

dta ^i j* O^L*-w*Jl JjUJ wL^JL ju . .. .]»U 

AJxuu^Ltl] AjluJI 

^ 3^ ^ — * ac a>- j. ..A — **yzll <*+~ — // 

4x~Jl j j5\J oljjJlil ^jA JiAP jl la<?f dJL>-lj 5jj^ SjJLiL* 

j5Llo ^ .Ajliil Air jll jt Aju/I ac Aary* Jp A^ yi^l .1 jiup L*lx ac 4j>r ji ^)a.j 




tfrb ^Ui 




^jA JjLmJLI <>«^9 Jbs-lJ 0! tjJL^C . jLiuil ^-1 j^*Sl a JbU uJ__Ji 

\z*j£ lil .(5- 13) (JJ (1 — 13) (j 0U*L JaA\ j!A>- 

.4jL*IS^ A>ry> J ^Js- ^lS\J ^ jlll AJCwJl jl cJ* yu OAlli 



4-oiII Ajum 

(j A a.^w. 1 ' 4jtl*) tv— *Jb»*Jl jl i.— >-^-Li ac A^jjJi 4 jl** 

. 0L>-Sn tj&v (3 ol*~ *Ji oJla cJJj^- ^•^Jj .L^>oaj *JbJu!j ^JL-Jij <L — ?r jil a — *JiJl 

JSLiJl £*>jJJ .<JLJ^ A^i\ 4*~J AjjL^ A^j\S iujtfl Ajum l$J O^J <>r^l ^ (9-13) jSLi^Jl 

,4ika«- 4 -JLJIj A^r jil JuiJl oU*- l$-j j ^S sj Or ( 1 0~ 1 3) 



*L*IH ~ fjl\ ” 4-aaH (jA AjluiA 



4ju*j ij>r ^ll <*JsJl ^tv- (ju jUaJ' J yiJl ^ ji (pk — pk) <^JJl - fjj - 4+JJl js 4*~« H 

a-JiJl - J! - JuJiJl A^Jl 01 ^ijau oA3 ■> J yu 3 .((11-13) j£-iJl) — Si 



,5-jLwJi 4 -«jsJ| 4jc^ J <uJJall 4^*jdlj 4^>r 4 -ajsJ! Aju* 



. OjjUil f.Ujl 4^r (^£jZu*a jIj jj-jcJJ 4jJj ji? <La«fljl AajjJI jOu 






^.a.* .jaJ AjjLw* oU jil ^ _ 

,jCi jL~i* 4JI lij 4^- 0Lu~Ji L$-i 0 j& 




AjuJ 



. <JL^J1 ajlA ^3 jUjjli.ula ^jl“uujall .AjJLwJI j 4_l^. ,ja1\ ^jjOoaII Ijjulu I^9~13) 




cttj 




4juJ\ £j>» JamjU jj»JI 

^ aJUuJI Aa*J|j .ac A^*J i jJtaiJl <A~J} ^ j*-AlJl Jl jp-S/i J * 5" <j 

5 jijJl jt fUaJl <j 4 ^oaJ ^UJl jotsJl LL ^ J dc ^ jji l^ 3 r* 2 y* ^Jl APlkl^l j\ jLJl jl J 

J>4 .N& U> 117 ^ L;li cV 117 jlJbM J £^ii JL^v 0 ! Jjii Ujup .a*^! 

#* 

.rms y <^£// ^ ^ Ju- ^ a</ ^ ^J ^-6 ^*a// ac ol* y~*i Ip 

<> 

j jJfl upL-*^ Ls^Lj A^-La* 4 ^ Ajt ^ ^1/ Ja **' jlL ^br 1 ' jUJri ®jL P ^ *j 

i*L.l£jl A~Jrl A* jil J .Qu* jlii Aa-*J| ^ imS Aa-* . Aj\l A*J £j y» Ja~- jli ^ aj ^ llt 

c^^La* J^Lio .pk — pk aa~JI a^J 0.354 jf A*iJl aa~- <UJ uJU->f 0.707 rms a^J <j jL-j 
c£ .rms a-*J lJIa ->1 2.828 pk-pk e£ jU-J j crms a^J 1.414 A*iJl aa-^ a*J c£jL ~ — j 



JIaaJI ^ j! a^LaJI A^jJi c aJL*15nJI a~Jt) a>- ji! Jipr ol: ^ rms fli J SjIp 

.^ijl oijU^ 

pk— pk A^-J 4 ^ jL*J J cA^iil A^aJ Aj caL*15" Aaj j « A>r ^-,,.1 A~~ JL HUS A^-. — » j j £j 

a5%J) JL*JUj cA**JaIill jJr jL^ull i| j^*' A ^ Jlj ,®^aH Aa-» 5 ^ J imS A .»p ^gAA. /? 

4^1 J A^iJl A-^J ^ jv5"I rms A*J j ^ .A>r jil AJJ A •iSl U- — ITHS A^ i 

A 

CjiSjaII Dc 

ijy ac/dc oLS” J> Ja— oSlt Jliil .dc_j ac oLS^ y 0 L»-S/i 4 J i>ryiJ -> — » 

.l^UJl S^Liil j US' tac ^~* t aj cac 

cac A>r A-*i A^-i dc Ay5 " ^4 Oj^Ur lil .dc A*5*" y aC (^1 ^ Oj 5\j jl j SU 

J-JUJl V-200 dc ajy f '•>! dJJi ou>w .dc y OLLU- jf jb lf& 
£-** ji .5 jU* 9 _} UiT V 200 U-i dc iwy OUiU- j .UUJl ^ y- ^ — . 

,<JbL| aj. ^>rj[\ JSuJ! (12-13) JSuJl 

(5-13) *lLu 

y L. .dc US' y (^t y .V 60 u~»r ac pk— pk u~Jl yLi 

?UUJI 

(5-13) J» 

<9 « 

• V pk 30 jl CA-<kJ — (J,| — A^J JL^JV A^fc-J <_Ju<aj J,l L*LC LfjL«j* a]L^“I aJjb (j AaJjJl wL^_>r 

.V- 30 ‘V+ 30 cJi-ai 







**1 

500 -r 




0 



u^j 11 



.+200 — V dc (J. d .H il l ^c> <1 V rms 117 (j* ac/dc :(12 13) 



(6-13) 

L» .(5-13) aJ* — L l <J 4i y^> jil a*j Jrl 4>- jil c5 1p V +10 dc <>' J° 

^4/^fljl wL^_>r *A 



(6-13) J» 

Vr J-Jdl j_^Jr ulUl p-aJl dJJij ciU-* Jl j 1( lJu» j_p a_,Ur^l iJ _£c. ) 

j^i JUbj .V -30 aXJl i-udij V +30 v-jll 2-i)l t(5— 13) ajLil «Jb~ J .5jL~_)lj 
^ JT ^jOi tfer jil ( _ s 1p V +10 l $:■»;* dc j -Up tjSO j .2j aaILL' ^ all 

^ .■i <ai j tV +40 *--->■ 4^-aJl ^ ^IjjJ .V +10 j'- U C. UjL— Jij A^-aJl J 

.V -20 lJLJI SL^ill -4^r 



jjiaJt j 

(, £ .^iH3 4P^il« . (jLftjl|gL« L*^bi y ^jC9ry* jju*j ^A jyhJf 

.-180° < <p < 2n JtAl Uaj .0° < <p < 360° OjSi <p Jt* p-JL 3^1 p jjiaJi Wjjj* 

lM > JUl IJUj .-180° < <p < + 180° JUl J3J SiJLst Ujj o— ' d— =- 

131 .2JjL*jJJ o*b3 c->b y* <3 ^ /j ^ jt . -ft <c (p < +“x 

4 J ^-^JT \j 4)aJ- J,J 4jsd- ^ jjJaJl cO>bi ^lil 




OUijjs£iyij t 3,~Jaddlj :^UJl oUl 

*• 



jjial 1 JftljJ 

£-+ 0 ji • jb^?*-A~X* L*_£l .L*LC SjajxJJl (J jTjLJ jil (1)1 j^jaJl <J *! y ^ « 

J j* .(Jaii awL^I j IU- oU~Ji cJlS" 13!) .4iii£- olu- LJ> (13-13) 



.0° *JbU aJi* (j j^JaJl 

& 

<>■ y Uaj! j ^j! J c^Ul 4 j>t jil bj> 4JC^ oli t j^JaJb tjy *31 jb ?r jil c >15" 13! 

^■ij^S/! jj!b 4^ojj 4^-bji <>-^l! 

<s J 

■*^>l 




• u M >> c Ju£> >* ; (13 13) JiuJi 



j jlaJ) 0 «SUj 

* * . , 
b)l .ULc 1 80° JlpLjj bb**3r! jli?r ^i.1 IwLtj L*jllp j^JsJb o Lz*~S^LfCi* tys^r-y (JLSj 

.(14 _ 13) ( J^-xJ! ^ y * j 3 ^y&y dll3 

<J ^*J! U*ba XJ OLii; Uili tj^Wb lilS" j lyJ6 oUJ! ^ 13! 

‘<yj l! y Ajaub ( J5" 3 ub*-*5^L*x*j b)bj jb~x* ^ju^r j^JJ o^fi olx—Ji uSl 



^ j t^Ul <>r jil 2uJ OU tj^iaJb L*x* bil5"j 3ils£- oIj^ bA 1 ^ ^ blS”" ^i 

* 

jjb b jL~* S^bJl j jla 0 j . yS ^i! jy>r jl! yJ *Ji b^ 3 j*Jl J>1 (_£ 

L&y'' 1 





AjuJi 



. jjlaLj :(14— 13) 

«Xu> 

X A>* jil ol-Jb bl .AAjlJal* Lj&tai y jl yP j&\j {.Y 4J*r jilj X Os* jil cOb«*>r jll?r y* Ail 

^ o/J ,j>Jb 7 s\*\X**^\j* bl Jtf cSjjJJl y *y& Y A^>l JJ 

.90° jU5f. 7 a^> 1 ((15-13) j£sJ!) 180° ^ Jit j> 7 Ji 01 s — £ 

.U ^ L w a i t N 180° y* yJ\ 0° y* ^ Ljjbw* j^Jail <j (J yjJi OjSsj 01 ( j£*. 

01^1 jj .0° < <p < +180° 0J <p j^W aj j\y t -Li j^Jall ji*dt 0L*-Sfl Jo * j <j (S j£ 

-Li y X a^ jil ot LJli 4 7 a^t- jJL5 4 ^jJb -f* ?t/2 rad jjb X a*- j^JU oL L; Li bl .0 < <P < + 7 C 

.7t/2 rad jjiaj 7^1 

jjiia jjt 

i360° ^ Jup\ ^^j 180° ^ j>S"1 jjb-> 7 A^^i' Li jj* o j-iL Jf a^ jil 01 y j — : il 

180°j 0° tju l* A^Jj 7 A?;* jil Jaj lijjJ oLb -b ^7 Ai>r jil 01 t aJLJ^I <i-L& <j 

5 jp^[lA X A ot j^Jaj (16-13) jSsjJi .7 A>rjil y£ ayb* Ap*y X A?r j— ll . L-^Oa — 3 ^ 

♦ L-* .^ u.a:j ^^j °180j °0 0# <J>\ Vj^L^w* jjte^ 1 (J (J yiil 0^o 01 .90° jl-ba£. 7 A?r ji' 

Olpl J\jj .-180° < <p < 0° OjSsj' <^A 0 aJI^ a>j1jj jp ju*iJl Olp-Sfl y*i <j <S j£ 

jj iajb 6 y*\lA X A>r jil 01 y*j Ljli c7 A>- j^JJ A-^*jJb “45° j X A^ J^»-U Otj Uii bj .— 7C < <p < 0 

.45° jUi*. 7 ^>1 J* 








AjuoJ] 



.90° ±iJ>X<*yA\ :(15-13) 



jjlall Aj&Uulft Cj^LxAoIt 



jj t [S' L^jC^j iij 4^^*JJ dJLi jA X O— ilS"" lil 

Y j \\ l j>-\za X <*- jil cJl5" lil . y jp 4pLJ 1 t_j jlip i?rj^ jc Of y X ^U-i 

cJlS' 131 . Y <- — Jl> apLJI l-j jUp ^ _y 4 j X ^U-iJl 4i»^ JLJU j YorjS y jiJULc. 

OIpUjJI 4a«2 t j ,j]aJL jbr ^ll cJl5" lij L»l tU$:*J>l I t j jJaJb oyuil Oil *• ^il 

5 > 

.l*li 4-«*5^1 jci« cjLaI^-L 




AjuJ 



.Y 4+j^ Op 90° jjUU i >hJI X <*>J1 :(16~13) JUJI 







o jbdl jLsJt : jif- vUlil! J^aill 



L'b X oryll 4— ^jLJ .Y } X l rlySfl o* j>U olWp^jf (17-13) j£-i_Jl 

Yj X Obsr yil 4 ' Js .y ^y. Oy jt. J y\ X J,hJljj t.Y o-_j— Ll 4* — ^ y * — > 

lj Af Obaryll 4 ^ ^ -rai l (_) .90° jyiaj y Oryll X Oryil -X0>y 4*—-’ — oil J .jj — laili Ob — AAIy4. 

.90° ji-uc. y oryii y* at or >1 y^L- o j, — ail j .j>ii 180° ob~ruu 

.Os- yil SyyJb oJO-ly AL.LS"" a y b sJ-LuX. ApL—Jl ^yjLaP o)/bbl s3 o — *^)/l jy-A — j 

J j*“ ^ ji A^y « Jj^ A*-^' <j* (,£ j — £ tW — -*U J 

aJj 0 ^Svj li] .L^jlj 4 JjIj <L>- ^il £^l*-i aJj yb ^ ftJ 

y ^jU \ ^J-P ^*rji £J LLr . ^>-S^ oLftUr^/l (3 4J^* oLftUr\l *4 j} — 5^1 

. IJLfiJt/* 0 JlA 0^ ^ 3-ft (Jj 4Jlll?LLl 

(7-13) AiL* 

-Li y .rad 0.5000 jj^> Y a^-^ X A^r^it -Li y *Zj <.Yj <.X oU - y o*>\j Jp j — ^ 

?L^iP J>- 111 jl Z X A?t-^li -Li y A>-j3 0 ^®^ Z A?r^ll 7 A^r^ll 

(7-13) J* 

Lj ^Aj O^J-5^ jJl tOL?rjJ j^jaJl Ijljj oL-»<Li J t4jL— Ll flj ft 

f lijt Jl v l yri L>i) 0.5000 rad = 57.296° x 0.5000 = 28.65° cdUU ^57.296° 
j? i£\ <*£ j£ dJJ-d .(36078.000 45.00° i ®. j — ^ -(a — 

.73.65° jf 28.65° + 45.00° >Uj: Z ^1 -Liy X i * >1 

(8-13) 4JL^ 

^rad 0.5000 jl-iir. 7^1 -Li y JU-jll .Zj c7j <.X ol > y Li^7 — ! ^ j — >rj U ^ J — iil 

^■bj jl Z Or ^ll A’ Or ^ii Jui y Or j J .L.LC 3j O J^rrrJ 2 Or yli J >-Lj y Or j Ll 



(8-13) 

Zj y os J>Jl .28.65° gjt tU,l_Jl aJLil juii yi 3jt Ll oAa J Yj X ax jjU I J jyiJl 

^)sLo IAaj 4—45.00° jjfai Y. O-jii y Or yil 4Us3 ji O- Aj 

JJ^Zojll Jliy Aforyll JJJJ 4-45.00° Jj-Jaa Z Oj— U J i y y Or^_ ll jl U-J^ 

Jyi 01 4JU.I aJu» 3 Jo*iSft -16.35° jf 28.65°-45.00° 4(-45.00°+28.65°) 

.°16.35 J>3 X i^ryUJ 5jLiy. z Or yll 0? j! 16.35° jybj Z Or^il yP 0 y^L A" Oryll 0[ 

.iJUJl ^ UOiP l^...i; iJU-l .i5o y. JjJaJ' 4i>L»"Ap 0 y>J oi 4^y 

jy*^ 015^ Ijl a,!*.* U.Iw^; Oj&j ilrAp^l 

. V-jLi j>ll 




It *—»VJ' 




90 90 




(c) 270 (^) 270 



ijjLIL jl 3&. yjA'jta.jJ (1) .jjU] V 1 *^ 1 ‘^Aull : (17-13) J14JI 
t jJallj (J j*i > Zj JT (jlaAjxJI S4 ajJ 90 JJ^aJ Y 4aja11 -1u » JA X 4aj^B (uj) 

.4A_p 90 Y 4a (jc- ^a1j5 X 4aj-&JI 




u>rl iil dJL >• j jSvj JLP iJLft ^ J,l JL P 

j# 

.^l^SOl 5jli (j 0 ^ Aj jl 0^ Up C 

?°J>> £U t) ■!’>»•>• (^” • 1 

0.7854 (a) 



1.571 (b) 
3.142 (c) 



6.284 (d) 






Jjtall jUJl : jLz cJUJl 



jr otj l.o ns ( 1.0 x 10“ 9 s) <>i a Ji\'*£. j^' JS' <M <_/»>! .( 18 - 13 ) Jl a* 
>r_jil ot ^ yfcjl rms -if*- y» t. . 1 mV ( 1 .0 x 10 -3 V) JlJ ajj _^U 

mV 4.8 (a) 



.2 



■ A?r 



mV 9.6 (b) 
mV 3.4 (c) 



mV 6.8 (d) 

JS\ U iiLJl i!L~il jU^-l y t( 1 8 — 13) J5 Asw>^il a*-j — Ll J5 .3 

?i>- aJLt ^ yilll 
MHz 330 (a) 
MHz 660 (b) 
rad/s 10 9 x 4.1 (c) 

.ol> jlxll »1a y ii jd\ JujJ- ^ (d) 

i£jjj <di«J (_jJLil iOL>rjjJ0 tOjjjJl y f.jJrl lx 4(18—13) i»rj — ll (J .4 

?a^ij <*2i i 

60 (a) 

90 (b) 

120 (c) 

180 (d) 




j^jl 

.4 j i3j i2 tjlaiaVl aHjV £j»iaj3 :(18 - 13) 



oy JjS Styj *1^1 :yUJl c^gi 



yutf 



Sfl <^Yl jLiJl ^JLj j .mA +543 ol jj3 JY>- <Aaia dc os-ji jjap^l <^Yi jUil £JL 



?Os* ji! oJLi J* jLlll jA L* .Uajt o!jj^ oJLP J Y>- j ;mA +105 



mA438 (a) 
mA 648 (b) 



mA 543 (c) 

. jlA\ o J la a* >- ^ ( d ) 

■ V +1.00 Lfu-* dc *-£ j* j tac .V 5.50 **> y> pk — pk 

y» L. 



.Jlj— Jl iwLfc ^p JjUt+jO ti>L*^Juil ^ (a) 



+V 3.25 (b) 



.5 



.6 



-V 1.25 (c) 



+V 1.00 (d) 

Uu. ^ill ~i$Jrl L. CjjjL— Jl Jlj^Jl lll>- .7 

Id* ^p ijL>r^U oL*_ji*il ^ Jjji (a) 

+V 3.25 (b) 

-V 1.25 (c) 

+V 1.00 (d) 

?j_jK ll g <3 yJl j* U .i-Jli Sjjlj L^-pLw-i' uaj 3iU»^* CfP^y -8 

.Jlj-Jl Id* jf. 4jL>! 5U ol»y*l.l ja Jbji £-b*i (a) 

90* (b) 
180° (c) 

2ji rad (d) 

o** j£i .9 

(a) 

.jLiJil (b) 

.(ramp) iJasU (c) 

. ^ LUr.^ll (d) 



?r j j-^iJ d>Ji^ lit* . K pk ^aJi Xfr>r \ac\j&a <s j*- •/ ojIj y ac .10 

.2r Ji lJ^Us* (a) 

.772 Ji >bm (b) 
.0.707F (c) 

•T’ L+* ( d ) 












01 j^S\ ^ jA>\ j\a}\ ^JpLo .4jli JJr p-1^ A ^ ^. j l a^ .11 A *0 0| 

a 

£ *-& J*T> ^ y UJL^- Jj>r y 4^wJ 0 *y- )*'.'• ~ 11 aL^olt \,, mm *»\jj 

c * 

.^Jt?r jA jl^V A-^Olj il y*lJ jl ^ y>-' O 

^ ' 1 " ■■;-./■ . •■■'•■'•.■. - 

Jbj3-I ^ .^jL* A^oju l)j£j **■ j* Jl l^- t/jj' 







fl*A n W n»Aft^ 



i l uylf ii# / / 

AjJajVl 4 « a B <-jUaS*ft| j jU*B 




c-^Uai^l ^ <L> ^5 o ,.~J c-^UaiSlt oJl* 0J .^-iaJJtll e^Uail <U*tJ c-^Uai! — J* j|j| 

£* .l-UT* Jl^ 3 ©JL*j*jA1 3 < JU^JJ I j S7 ^ ^JaJdf ^JsJjf £. — 

0j$v> (JUIjj .4-j ^Jri A-Jaiil djUjl ^ ^ yiJlj Ja-^-l (J ^ 0 7 y 5^/ .Ja.:*.U < r , , j?.*// 

V ciaij oiJi j^' jyX <3^ Or 4 ^ Ji ^ — ^jj^ 

.£ J>\ APjj — L* A^Uill oly viJ ^ jSf\i 4(J > jO* 0* ^ 




4^y^Lijttj| 

* . $|| ; |||fJ2l||, ; s ,... «, 

,Jja^“l o j Juil ^UaJl oI^-Ij l^-jl>- jl Aj ^>wJj <^ L >yM» 3 f4 

A>*J 3 \^y^OA 0j£\> J^J“I (J^-^ A%Li-l 3 £j yjf dijfc jJlT .^.„...,>J 

^ ; ; ;; • • .• Us ’ .; ■■' >' ^ ' ‘ -? ‘‘r ^^Pi-.^jk''’^ '*> r ’ s • . 

7^J ^jl ^j<w5*"IjiL| A^r jjl 3 • { J **^**** llii ft# 

<— -S^ ^S- j^S* Q? y*L* Oj^jj <J j>- dUx-t^d,^ A, 



j :^Ldl wAJl 




<l>*j y AaI-j cu^ ^.L/taJl <j <_a^L j jS/l Jii-I jjJj ‘(j^ 3 jS/l LA Jj- 5 *LjI 

oL jj .4w?jSn c r jl]oj fc >U <L^*jJL Lj jJoj I 41* t-J jJJjLj ^JLp JiLLl tl)j— 

.^->jS/! ^^JajJtll JjiJ~l 6 y^> iS^* ^J£ t^j^l 

4 j < ,4 A it 4 11 Aluajall 

0jL%*^7 4-L*> j J^Iaj -XiP .OjjLiJl 4JL*jS/l 3 ^ v^jS/l ^«<**]a«*ll Jdi-I Ji>- j J 



J$ 6 jS Lc Jj ^JUl jij^ <*S J **" • 4 -r > J^* 5 * — Jltf*' L* jaS' Lg-^A) 4_3 s - y Uli 4 JaJ£ ^ y MJ ,/? <t|/ 

ui^^ll JJ ^ jftStsM IJL* fJL*L-l to ybUiJl 6 -La v U,t ^ J-_i jJLJi jl_Tj .dj—il 

J-3 y Jljj ^ j t4^3 0>I1 Ay>- % ^L* SjpL-*^ j Aj^Jsiitll aL^p yJi Jljj ^ #( ^yi*£. j 

oy^J>r\ Jji^o UjlIP J^jtll aI-^ ^J l ^Jgly>J .43 ^Jlil ^1 Lull y- IJL*j ^iL*o yj 4^ ^iL-Jlj 40 jL>«-JI 

.5X5*11 4^1 

^ip 6 ji J^jflJ C.** ^ 4lv?^JI d^jl J^>» ^j^P^ll ^ o*** )g * « ll Jiii-lj J^l " w ^ J^i-I J^I-4-^ 

Jj ^k-J <# j» >1) J*5i ^Sfl ^ ja-i» j o y ^i\ 6 jla J*ju V .^V 1 > b >- aJi 
"" * * * 

£lj2-**yi Jx>- (J$ 4 j^^*L*JI 4-S - " ^11 (1) (Jj cUaJ ^ ^*UJl 4^^I*.** l l (J J^*j 

4j jl—14 4il—w» ^1 P 4w?jS/^ 6 >Ji J j->- <jdL Ji>- jJt> ^^>]ajJtil Il>- J il yL/3 j S/ ' 

jS/1 ^Jalll dl4b 4*^ jS/l Aj<~J a>;*ll ^ ^xJl *JjU -Cte* 9 tj u^gja S w li 

fiJuh UJ 4 ^ J JS 1 j Jlp^fl Ji aJu^^JI 5 ^1 v».jaim,ii 5 yjl JLjJ c JU^iJl jt 

^i] (jJJi JLi Lys> ^il ^JUi (J ^->jSfl ( J^ c. y*y lS 1 ^ (j 4-S^ J __ll 

{£ Ajlg-Ji A>*Jj LfcJLj t4iv? ^Ji 4 >r j yX ^JLp ^ Li (f" J 6 y^ ^jli jAJ . 4 JU 3 y O Lf** 

.^U-jll oL 4b 

Aj^jIi « S jaH 



tJ^Jlj tJjjJ-l ^'Ju . 0 ^ 1*11 ^ yawJ JaJl*ll c_-»-L?r 'blLiUl US"" L*Jjlp U„ - ^ , 1 ^ *-A < A - " 



jfl 



J p M . , . 

oJLa Jp o ^3 Jailall oJLft (jlkj .^M^jjjJi Jfjlb ysA^*i\ ji±* y ^ L?y^ ^ JaJ!>U-lj 
V oljL; o^L*ll 6 -La J5 ^ i^i iS l)^L*1I ® j* L »ys> JajLail ^ — )oj V .L)^l — *it 

(3 LjU 4]jl*Jl Jail^il 

SjAll J UiJ 

jJLni! JajJcw JLJLj 6 .i 111 L$ oljJlil ^ jg-*" o^L* 4xja3 ^-JajJtil ^aJ Jup 

. 1 1 '"* 4 j « ** <j? <w^*^^\js3l d^lll L/Jrf A++* * ,+Jsi,*Mi a 0y& l *J U ^ yx^ukj , LaJ I 

* 

^jp 4 j 4UI 6 ^ J\5^t 6 y}\ d c _/ pT ^ Lj ^ 3 — Sa. U . 1 .1 l)I 5" 111 








JpLS _)t JaJUll yha') 5 j ybj » y&\ j j5j 01 jSlc tdUJU SiUs^flj , 4 ~-.,JaJp » jjj Sal. ja Lj y 

#* ( 

^-w3J .JajLill i_JlI Aaj ^1p bL*OPl (l j; aL4b ^-Lj jl Jajl*ll byJl^jJ) AySU^ jl (LfrQa — j 

.L^iaj y iajUil t_ol yXSU y5"fj yS"f SyiJl 

OL-Jl ^iai^o 4 I 3 J] O Jj>t Lap- \joLaj] ob-J^I ^Jal>*o 'bl I 0 j>t Aj y Jailiil { J& *j o] 

^Jl aJL y-£7/ JaJlxli p dJLli j^ki> aJ^LJI aj ybill 5 yJl ^ 1 p yl*: )ij l^a *-j lylyj 1 

*» 

, apLls^JI ^5 4^>r..«/3 1 I ,^J-»^jjJl Ioa o 5 L— a>-^/ 1 (j 

Jam 3jjj 0? jSO: .yM Jl 0l5U y ai yU JiJ jf i'b/jiii y aL£ ^Jai p>w* ^ 

A^JsJtlf aJ>L* jjb dUS .yT p-w*or J ji ^J>r £* ) eJlS" ybi ^ j — >-S[l AOljj — $^Jl Jaul — ill 

.(magnetic levitation) 

AS ijaJI ^ 

W; i t TX^aJ Ol * ^y****fa A fLs* 0 ^t*ly«J ( A ^ 3 ^ ^ jUM l ^. 1 *?" 

.yi-l g.1 yatfli ^ jl bJUL* 4*/6 .Jj*ly- aS" y- jy lyajl 

^ - -* ^ I Aj jliyj pj 1 AamjIJ S — - - - II M A ^ 

.LjIj yT Aj y^jlAl a 5" y- yfe ^lll^-l Ills" ^ 0^ jW' j£- 1 «»»* 

oU jySC 1^1 *J y«i7 tSUJUll JaiUil j .SjS Ji 5jS y JiUl J> dJULJl j oU Jil-Jj 
, M JUi jLj" oi jiJ^ J oU jyS^^I ii yJ JJb? ji^-L aj 

i. iwLflj .g .1 ./aali ^ Aj^y»-*iJbl aS" ^ y Aja^l^j A << m i i!a < ^L - Jj — ^ — jj J — 

f 

O^^Lo <0^ ^tJwJ . A-*^r A- jLj y^S" AJ L>*-i ^JLAl 0^ 

^ ^ ^ ^ , 
i^jA^-\ d<X& ^|pLaJj L*JUp • ^bi^WAA^ J^. A ft A 'y O jIjIoJI dOJ^ Jyj .tUiiJl J liliil -Up %JUi 

(yijai^/i alj^L) Lg-*j J (S cal^-'^l ^1 p dO-ft y«rxJ c ^ ( J_— j^-\ 

.A L~0jSl\ A-ww^Jajjtll 



Aj yS>y—AM^A 



^j A Ao^AaDaS l b_0 Oilj ■* - »■. 



1 i! 



tA-v^jS/^ A--wvwjJa«Jtil j OlP tC^La^«^r^ dOjt A^-^-U :«U ^-Ur..." .^llxil ^ 

#> 

4 m*? j / AjL^Lp Lft-OP 0 ^>^j IS 1 . ^g*^*JaJLxJkl y^j L^La-P 

0»lSj Ail~ll aJL y Aj JJ^I ^Jl O^/Uaj'b/1 ^jip yjj ^]i 4A^0=»jS/i j^>L*Jjj^l AjL L? J Cs\jjd 1 (Jlj J 

^* J jjbU dJlfc J^-Ijo; of ^Slc c^jlS" J^Liu dJUJli oU^jtill cJlS" IS] . AJyil ol:: y]' 

* 

L*^y^P Aj^y^*il ^l^y^/lj (Jl-wj'^l O^LJLa-P O^^J . AOIj y^\Jl djOill ^JjSj ^c 4 j U 

C^'^L^aJ'^lj ^JjOaJl eJiJJl J.IS" oUalOji y bj ^ . by? j^l A_«^fljJ.I OLy?l yjl oljuU dl £ a- : 

AJl^iJl A ; ; )a al l £,lyy?S/!) (Aurora) ® yli? Ji>-^j . A««».]a;<lt ^Jsup \ yilj J^~\ (J5 

.A^yjj^l A.^.)gj;*ll o>y? I yjl *LjI JJJl j IjjiS" (AyyJrl jf 




It :^U]l 




^JLa] Laij oJLi t JpJLzJi J? jja^- { y* 4j ^X_ * A , . . I*? ‘ » 1 1 , I j 1 I \ J . tl ■ A li Ji . *J 

dJJl~« i» ^j-l V . (m 2 ) £-} y* (cm 2 ) £-} J* t,Jyc* ^JaJL* (j Sjllf (ji-Lji Jo jjao 1 - 

* 

.* h r ~J t-J jU^Ij lfc.3 jOs-J £--> y 0^0 *Jj <j-* fJ^J J aJL*J 

^ Ja.1 * .* £-^ji f ^ Jj Jajj-i 6l\ji JA £-*oj (_£>£ J J-* 

JojJa>- J)l >( j ^ A ) a ; »l t jljor (j JjsJ-I (J^“ 4 W ji ^ jJl ^ l al J ?43jjJl C- — i~ 

.((i-i 4) js^ij i) >^iy t J 1 ^ >tfl *i»k]lI 



d^i^J . (_C 43j^ ^3 jW* C_! * j^- ^JJ-^ wy ji lS 

^jA Ji \^S 4j y\$ yi*XiIl Jojjao 1 - jl tjJJi .Xtjj}\ (3 Jjj* (3 j^Ia ylj3 

j^M ^lp ^jJJLJl j y£- ^ylp Jj3~CJl ylji jS*" . 4-*J^-5 Aj^Ij Aa^ iL-LL*.!' J^* 

. ((2 — 1 4) J^LiJl) <lj ^>«_^Ji c,£-^ 




. r jiu^ ^jln w* ^hmjWwaII (jisill :(1— 14) 





: ji* ^jl jit 



v_ 






ji ^jiuji ;»U ^jA <-j ^ 5 f-UiajiJl <lauij (^1 J$ clJJi j c ^“ jj jl ol4i a>JLi 



»l 



(j\ jyJu jl ja ^J^JLo J? {£ j£ . jLlli lt ^JLL«Jl 

* 

c^UaiSlI 4--iJ c^Uai'yi oJu* jl ^ jt (Ji+JtJf c. .half ^ja j' 

(j iwJalJi j} lollv? J^\ L* { j^S'\ju t<uJiJ4 (j JbjJill 

jli <.<u\JL« ^jS-Lio ,4 r ~*)a;.*lt Cj*)L/? jJJ iJLkJtJl c^Jl^ 4j'Sf <■ . -U ail iuJLA-l 

<Ld J^r\ (wjUai'Vi tw-J Ju^; 4j^/ J,U-*iJ! >■ )fl dil 4 jLJLA“I 3 j Sf! t - )ddli 

CjjlJaiS/l jX <1)1^* — LaJta tlr^J “ o^Lp j4^*1 4Jl>- J$ • * \s < WiL I o!A^> _j-U 

jjLL V JSLi, JJLJl J y ^■■Ja.-Jtil JU-I Ji*. t jLdl J*U-I dlLJl j 

.<lo 



/~~x 



(ji-iill JajJaA. 




jLuIl al^jl 




Jo jJar^ 






.^jSulua Jaa. <£^Vball A W i ail (JaI ja (j& 0jU!i ill' tt *lt (^LuJI Ji-ill 








^.JsSf l J* ^lOiiJl ^ jA (^aJl ^b j4r^\ — bl <jl 

k^ja>- ^ j£- .SjLjl <l>«-jJl £* 4 *>- ^ll 4 ,i>i-jJl <^1 jl) ^ . 4 iibc« C .^.*3 <J^>- ^b k 

** 

Jii-1 .b jiaj S:> jJji j>p 5iL*J, oUU^l j 0 j>«^* ^k~b ^ ^b JiJL: il 

. AJilju* oliJb- ^ 5jLp jiabl k ^k>- j «^sj tOukil tkj^kJl 3 . 3ki£ «*> «k«b 

OL&Lbl (j j5sj . (^jJ^b-l i_k 6 ll) 4j\A ^laAi'j (^b-iJ! £_ . Uall^ Ajjjj aIsOj <L*j|JL 1| kilill 3 b*jb ^rji 
^1p ajak-l ®^1 ^j <-p jb4 3 3ik bjj (j^ - ^- * jkk ^J^bbl 3ib*Jl J^p“ ylj^ u~~^ 0 jb — ^ 

•tfjjll 

ujUaSVI CjUjIaIj uiUaiVt CjLuUj 

• •* >/ • t* 



^cjU ( J-a>- jLdl J-abbI oJULJl J^>- jil ^JJLbi <1)1 ®j> JjSf <a*> 1 — “j 

b* 01 ^-* i J lJ *)! ^ll 5a>«j/» J\ jjbl o')} c3*)k*)[l ^1 p 0 >rjj *)} 4ji j! tv- r Jatf \\ (_£ib>-l 

< r J ^gj! yJLS jSLia> .iiJULJl ^ y£ ^ajj* ^ ^ L c^ J bl$k j jl 

j yA 1 J j>- 4ibk.! Jla 5 ( JjLiJ J^iaJ J? ^k>- ^j-' 4 t<L-3*bcll yj\ — laiS/l £r jj jl — *k**^ 

^\hi% dj&'i JbJbj . u -fbajuj jli-^db " j i . A * >, l ?:^ » Al i A^'\ <j L~£tfT j <t ^jUri 

^ s» 

4X-^t>bL« 0 LbLi5 O j^rl 

-b^]aj>- i j^Afo Dl j^j^r <3 ^«jad)l b*jli ^-Uil -b^jaS- ^ 

Jii-I .£— j^l oL>w* jS^i ^Js* Uib b^3j — * 

Jii-I j jsj j .JijJl i? jlz^ jbfllj c^- iuUai^l jt J^r j ® 




.^LLJl jl^ Sy JLit jbdl J^bbl dJLLJl J y- ^J^A\ 

v ‘ A\ J^aJj S jS 

N 

3 . Wb U> jjj c jr<_^ ^U>3i aLj — kJl — «j 

JOJ JU>“! j .lJL>r bLjCyg? d)b^ bl dJLSb^ (Mx) ^J; yS't* j*-*P\ OwL_j?- j jL >-S(i 

.1 Mx= 10' 8 Wbj d Wb = 10 8 Mx bj o^L. 100 <^jLw 

ijAjl&j ^LuuJl 

C^J j' jhj ^ b -b c^Jb ^5" j' (3b 3b aJ 01 — S'* bl 

j-Aj o LxJ-b ^ oj1jl>- jJl a J.* .(G) ^jbJi jl (T) >b-3l ^paj aa^-j 3^ 1 jl 

oJL^ J 3 ^^all k ^k>- n ^ap jl ^jjJjdf Hits' jS*j 3 g^ka*ll Jbbl oaa j! jS y q 

53^Jl A^S^\ oUtlla */ 2 a yA oljJbdJ jS'l 5a fli ob ol>3kvg * t ^__kiil a. 

1 c£ jL«J *>L-J 1 L*jla3* jiaJ 5ili5" 01 .5 ^bb 5 ^Lp oN^biil 3 ji^bl *ib£J jLab .^^katdJ 









£lA' J^~^b* 1 c/’j^' 1 1* j\3£a AibS"* jj .(1 Wb/m 2 ) £-? _jl j — ^ib ji 

.1 T = 10 4 Gj tl G = KT 4 T .*-J O.OOOl Ub: ^jUil of £w>JJl ja .(1 Mx/cm 2 ) 

. 10 ^u*Jb C%^\ JJ ^jUJl ^ Ji j?xdj GO 4 ^UxJb v» j^>\ c^jUJl JJ *>L~i)l ^ Jj ^> vd) 

.^j^iajl ^LwiiL tbJJ j* Ji^-^l^l uy jl *^--^lj Oy. jss*~^ ^ ^ 

** 

*jl» J>I5" J^Lij ^L**all C-alp lil .W 20 bfi— i iJ 4J it-Un^l j-Uaj Ll l)I al 

Vi IjJws o ^*^-1 bl to ^rt^xll A-LpIjJI Dlj-^rl Jl ^ Jl frjvaJl • W 20 J -*2 *-*» 

c^* ® Jj f 1 *^i ~^-l Jl ^Lsoil l)I p-bu cJl .£ j^s Jl ^ jia-w** ^P IU>- ~L*- J^-Uo bJJi j — f*J t^j— ^Jj 

o*x>-^j cidbljl ^jlp Jl . 4 .«/?L>j apLaJ a^LS^ ojlJl Ijjl ^Uaj *y j ■ ^ ^ & y*& 3 1 



p 

jt bJ J A-Jtu AjU Jl £. j-^aJl obljl £jA bJlP jJ-H<aj ^Lwait l)I J Jb L^-Up . A>*L-m ll 

^jA Lljc* bJlP ^cUj ^b.^aU l)| J JL L *-UP . Jj^«*»^\ 1.I J ^ojl Ij&J* bUP Aa 15"" A^.» (.ii-LlC 

.^?jbJl J %-jd 1 bJLP £lj J»UJ AibS"" Jib>xJJ aJ| bJj a-Juj aJU cA^-b— l! oU^-^j obl^Jl 

Cj j-uLiil j Ail — uj-aSn 

oJL>-j .(At) ^al/ — oA?-j LAl .AJb Jfljlitl! ^4 o«L>-j t^Jj i ? jj 

A^wt^jaiic* aS"" 0 y A 1 Aj^LJw jLj A*i 0 jjb tiJLL-*< • 4**A*d?ln il O^JiJi 

aS" j^\ oja)I q,* v 3 j ca**aJ jbiil aaL>- <— a3 {Sj* .At 1 

JA Aj^i! ubbl J jlll jUl l/ sua£ ^ ^ bl .At 50 if \ A^bJl Ajbbl 50 A^bi! A^ , >;^u 

.At 1 Jl tmA 20 jt A 1/50 Jl lil 50 

OfcXA b^O . A > >,...»)fli.H ll a 5" ^^-1 O^jij! . W . . i j ^jPteAj oj^- J L)b>”S^I j {j ^wL^r ■«■««». ) 

- jw*l JI Jj ^> ciiJ 1.256 <-*> j3p\ tl *Jjxa dJj^JjJl jjp l)j^j U-up .At 1.256 Jl^p- o~t^ j— ^ !l 

.o ji-Lp Jl Jj ^ lii 0.796 v j3=> I tU jytA aaJ - ji*4^l ^-vp l* -U p . Aij 

jLu 1\ A2 V*Aj AiUS 

j/; c^b ^4 J bj A-i yr. ^JJlj (^i j-ill) j ^- I g.1 ya.iib jl f.1 ^i>b J^l^l I L 1 1 ^ ~ 1 1 

aJw 5 -U*r jj Ja>" Jf.L*uJ Jb .^JULJl ^p UwUi)l Uir <J iai>»jj j tiJLLJl ^So?. b* j> 5 "t jiuiJl AiltS" 

AJbil ^ jji Jl j Ui^ AiuvaJl j jSC;. y> ±>\ J±r\ ?"JULJl ^ juJJ ^bT Jkdl AibT ^ 

.5.bj t i3l J ^y»aJl 

> A^i jiw^l I a *> o »-« 3 Jbj jl jr^ .bLc clu^* jy^* L$sJu^ ^ b . <P^f b ■ ^ 

tiiJLLJl jg- (jJ.L>) r AiL~« JjlJ ^1 P SjaiJl jLip'yL Jl>^ .B (t^db) jiJdl iiLsS' ^1 jjJU L tj 

^|^*dl d j* 2 -Ui l)J . ( 2 n«dl ^Lc- (J 5 c^l) t«i.iL— Jl ^1 ^X-dl j.iia^Vl jbdl ^Lp 

:<JLJl Ai^l jJW JUb _j .(3-14) 



B = 2 x 10 ~ 7 (//r) 




o « 



J l J L A y t J ($> kj£ J' rijtiil oUl 





* 

.oUl ^lij^l ^ JJLP L-^l J 4*3} 2 4^ijl jLlp! AiwaJl o-U j 

J 1 ^ J' ctJLL-Jl <jlS*" LJ5"j tuJLLJi ^jp /* JjlJI 4jjUL« ^ LL ~J) aJIphj c.« t — *1S~ 

LJ-I j ll IJL^r I j-iy* 4iwaJi oJm» O' jJpI Ui5" cji-uil ^yti L$J y£ ^ — il p Sjaii; 5i 

.4Jl*L\ 

■m «• 

(1-14) 4JLh 

jW' ^ yL (•- y j l ilL» jt- cm 20 JbiJ ikii j jkuSl 3iliS~ ^ — t> I * 

?mA 400 w 

(1-14) Ja. 

./ = 0.400 Aj r = 0.20 m g~ Jk .(SI) J joJl pUfcll oU^ Jl ^1 g* Sy 

.•Ai_kl £ o jJ} Ly \g ./X) yuj o-La 




j ; .. J a;»l l : jLt- £>\ jll 



5 = 2 x 10 7 (I/r) 

= 2.00 x 10~ 7 (0.400/0.20) 
= 4.0 x 10' 7 T 



(2~14) AjLuu 

W iiaiJl j 5 gauss ji-^1 AiliS" ^ U cJ;LJl y_ jtu-Jl j 

(2-14) J* 

iiLJl aJL«1I LJLp 4jI .^J.Lp Jl ^ J ut <_-£ tiiiJi 

ao 4 J.JL-JU 

5 gauss = 4.0xl0- 7 xl0 4 
= 4.0 X 10' 3 G 



JauULtA 

„s fi fi 

l-U-Li I-Lfc ^r.yaj \j\ . L.— .Ja*** 4JL>w> ^ (£ ^ 

-Up .ji-5" ^J\j jlJ <ui yLj oUDl -U-uJl a) <_aU ^^Ip ^l5o-U d)J — ^ j 

o ji J? jJaiM jji-U ^ cJilll ^J^-b dl^iil ^P-U 5 £_ Jp ^ 

.((4-14) cA> W* .aUU cjjil c_j oi^Jl J Ji^-1 





>• 




0 * 0 ^ * :(4-14) JS4J 








aL OL^-S/ 1 ^yaju cj Ailyla^S/1 0 y^j .Lj yiJ L*jb yl jl?.0 .J^Li ^1 p aOL ^^ xJl JaJLiil 0 yXj 
1-XJtl ^JLj C4J ol yJl ^L> A~mJ y^J ^ 6 y>-S/l 0*^/l^“l t y3JU tj 4J y^JJ *j j 

. 4j*J>y* alyJl jLlil y^ yi^Xljl . la :Ujb A**oiJ 

jaxjola1\ jLofl JbLoji 

^ oljwiw^ ^ yO 1 ^1 tAj«AjLl yA 4«»Jy<L* j a)& **> lyj L ^5^ ^j4n.^Jf? < w »* fr Lj i ^ J b£c 

01 y>* loSTi* yT . JbcJU 0 y£- i^\ <j Lj yH cuL y^il aJlA y yj .aJ y>- ii*>L-*^/l y* LsJ ^yL* ■_* L j 



^ j *a 



ii 



.tUlAjl iJS' J^iajj <jLj 1 /g jiaA j L »...«Al OjSsj jt 4—* £ 4 L — lL> ■ (^“ — 

.^JUaJl <s j W ^L^Jl y> Ip j-i-^a-4 jj^j 01 4^1ii<* ^ djj*- 4 ciil — ^ ^iJbt; — *0 

.Jy* yyJrl 

^«Jg.;»ll Jjuisl] dc ijy> 01 yyjli Aj jUaJ y£jC . J^-1 j ab^-L djLaljl < — Cf* 

ly ob AjjUaj \ j tJLiib jJ*j *)lj . Oly {j* AjjIUJL cJdil M — 'L ^$^Jl 

JL~-I OLJL P ^L ^5" yP 4^Ul A*j yiJl 0 Jj-^iil djljJl 01 ^Lc. .<J y*d\ ai i A&'j ^• 

.djjja^- o^L* djLp wL^^/1 lO-Aj 4 i0a.« * j Ajj iuji 

(J yiil ,A*JljOl Jajliil5^ L*Lc 4diJL^ A-j y>r j aJLj* 1 cyljfljl j^-LwJkl jlJl ol3 A-jL J l -laj^ a-OU 

OLa ^J l Lu^c ,^jb *** {£^ i y* ji*^i (£j$ 4 ^^ < j *»*)a.* Ai il O^SCj 01 aJI^*^ L »^ i*j 
^ 0 ? 0 * 

L >ja LilS" bJp L^Jb-^-1 j 1 Li jL* ljU-~* L-JLj^-Ij AiLJl aj y^«Jl Liij bl dJJi ^p 

n> 

4^j1j ^ j^JaJJti.1 Ail Aa*a>- j/b 1 JLSl < j*sJaJiilj ^jL 1 ^ju ^>-^1 (Jj— a 3 1 .ol aill 

. ^g^sjgJ&ll JiLl jlg-iJ 4djJL«Jl Sjj* J -XlP .cjdil j jLlil jJj^* JLP J aii ^JaJLxil J-ajL 1 Jb*r I^I j 

A r .wsL.;i>L' ^yi Jry$y OUu^l L^lSvJj 4dlj0l (j 4+jLxll <*^Jzlilf yA QjJu^ A^S" ^jLj 40^1^1 ^y2 *J ^j 

.cJdil j jLOl jiJL Jcp SjJ ydl 



uj jl lull jUill JaLoj) 

^j^aa j iJ*>L-S[l LJLp^I bl Ji^j yt ^ L a J^LkA apL-^ ^lc aJI a ^ dJ — j^jI j 1 — c.j 

^ * ? f a f * 

jysiJl (J y*l** 4 iJLp . L J)Hi L>w*>«-sA> dJJb . jLj SJjaS' Aj jOaj ^IJLSJL^l L y* ^/j j jlJ ^*1 

JSLio O— J A^^l J2JU J UL c^ljUJl 01 .dUS U^J M .SjUJl ( 4aiiv- jl (A^ stfliJl) 

f.L ^wi ^y* adrti A-jL a^»JLs^ ^aJlJ 01 y^X j . jUajP yj yi~ ajy^all ajljJl Jj J3 4 *-J>l S' 

.(aJ L^AjIj 4di-^ j Aj y^lil dl* pj) .V - \\1 A-*UJl 

✓ 

^L^»rS/L JaJUil aOjft y.,^xlj C-^>- 4 Hz — 60^-5^ B.C jL^l aOL J^^ il Jajliil ^yaj^ ^Jj>» " 

jl «JA 120 ^>rjJ ijLJl dl4l L^J « y» (J 




A^JaJdt : jJLp J\ 



pJb lit .((5-14) ajC JT Jl^ - v _p, - JL~ UiiJl J 5L.lT I^_jj 60 

(2r“ ® j* cT L*-AiP jjl tlfr.-.g-i « ^ill *1 0 _jTj ac ^L ^^Tjl "<_.lai" (^1 ^ i_j ^ aJL 

^JjLl-l ^ c-j jbill ( -c^-laijtll ^JjLl-l Oy ® ^iblllj AjilJrl <£ ^ill (_£jl**J c-. > ac ^ — 5L j^^Jl — laiiil 

^JJLl-l ^jp 4 JJaiw~» «JLJl j jt^l ^- < .)»:*ll ^ ol ^iJl oL* ^ju AjiW o y J&? y j . c~jLJI ^>tjLL| 

.-jJll J ac ijji ^ ru'LJl i_j_)Ldl ( ^ ... )?- . «U 

(3-14) Aiuw 

liU .Hz 60 ^ ^ Hz 600 ^‘L ^Jl ^-kuil jfkil ac jt ^j-al 
?Lg ii i jii I y;i jjUl jw'IjJI ( _ r5 kiil ^ jld.1 JiJ-l On J*L&J 

(3-14) Ja. 

I 

( ^Jl 4Jl>«jLj 0 cdl^jJl oj>L* 3 (^1 ^?1 ^isl ^ — Lp 

.J * T ac jt Hz 60 L$J 

JUAll 






.ac ^ A n kil l :(5~14) 

Ay *• j| ja!) 

3 Oj^j ^ ^51 ^ g w > y j ja^- 3lj.ll ( j*2ju 

j^ iljll jj-* <JjS/l £^jJl .fJjAl 3 jjfc Lf l ^ *janj y£- J o jlaiA-l iSj — — ^ ■*! j— * JLpL — j 

O* U aL 15" iliL b-tilj U5" UlA ^yt il ^1\ 01 





Jjsflyt j tLMl J Oljl ”"" — “^BS3^ 

* # 

Afti^ ^1 il J^JJ AljL*l 4A^aiJlj (O J 4<-J*y-t ti_ . . — i- I ^ Jl Jy aXJ ^ il J L t j 

jj-* ji Jj*Iiu Ji^~i o ji ijjaJiaiwj jl!>J {j>\ <3 A^^JaJJt* oil* -X^rjj ^f .^..^.laijtli jjjJllJl 

.4j ^^.Jf2.;j«Il JiJ-l 5ji SiLj 4 jjyaJl il ^li £jj<a+*J) ^ JJl J^»l»Jl 

4jSLaJI Cf^i j&t Jl J d^Uil A^^Jalitll ^ajLs<a ii-1 ^ — +£j ^j.— < XJT 

» A».i ? 4 <i/ A . ^ ^ .»l I A 

~ • - * _/ 



•* 

£j jjiJJ g.L*jaall jl j-aii Jl ^y*LdJ j 4 (fJ-) j** js»«/all ^J^Ul e_$ ^J-L Li j — *jiJ 

a lJiL* J J» *bL-Sll j jjjl J* jU! jJ\ W .ULc 1 a^ aoU; \^^h- <e\ J -lS^\ 

A^o^jdl ApUJl Jli cviAJJJ . jj yS\ J jijdl Aili^J aUU U> j>- j ^aiil J jiJdl AiliS" d t«.i J>l 
^ J^Laj (jjjull 3jLifT il^jJ clJLL* 3 3j J u J j>- SJj c.- w./?j lil .1 Lj JlI (j^jL - — j ^ — aJl — $-U 

juJji-l Ajitij ^jl Ljf *^A*ii ® jLi> JLp bUipl i,iJUSj col Jl l. 3^H ®Ap Jl ol ^J up £^2j Cm 

ajliJi JUJl ^-1 (3 4*^ j* 4j3La>^ 8,000 J J>- (J»i -»LiAl .AjJjJ-I (3 < wai>« jl* 3 — jiLaj^ 60 ^j— * 

.(Anil Jl 

ciJbSo: cA-jLj j^^Jl JaJlill dl jjJ MjL'yt Jif^i* 1 - Av^L^- A^Jjc* Jaj^Lp- C^>»*A^xI — m>*I lil 

aJlA Ajilij ^JLj .(10 6 ) c-ajw? j jJl* Jl j£ aJl^I 6 ^iJl S^Ltj jULj 3jLi5^ 5^1 — jJ 

.10 6 ^i 

tiJLSo? 4 j^L* Juw? apL-s^ ^Ip diitj o — $> 

S^Lp ^l^ll ^^53 J .aljjll 5iU5^ ^-iJl jf 4^Url ^iJbAj; w-i 

. L^-Lu J ^JpLftljl ^y3 *,g>K^ OwApLw» r UorS(l 

A tftnaty A^uLiiajiu^i 



.1 lil 



«• •• 



Ji?- Jl JUJbi-lS" 5il* JUP .UJ ^ J-^ail j£Ju AlaJuf AL^ 

t ji-5" jLJ aJ j£ m uiLc. J^Ls- ^ clg^L--*] ^ — Lp j^l — > AjJ — i 

(> _Jp ijJjJb jL>*S/! J2 -«j J A..^«) f? . ;«L l ^pAj .^Jiiil J jj J l jjp jLJl L^Jj — p a* — iz* 

Jllib yL-j-^aJ J L^JLp ^- : la;ill JaJ-I JLj ” ^Jp aillt djUJ (^Jll — a* ^ — fc j 4 J?Uz >- y / 

* * 

m U-) I ^ La^sifl ■** A 
*» 

4iSLj.l lao.lt ji-UJI AitS" C~il5" lit ,4j y> 4.„,; J5Li a.a^lt 4....k:oU ^,P jjjdt <^j £ 

4_. .._,U-.>ti 4 » : ./j f J ' y ■ " -1^4^11 ^ jl ^ jL*j Sill 

:A.;..valb ailll liik! B <^-:lt 



B t = 100 y/x 





Z'J' cH' 



UJl <3 ,\Jor j»U ajI yu)l <j aJC-I / ^MuJi jjjJl <jLi$C Lup bl - 

* * 

jLxIl <bljy .alyjl dJUj j U-Uy bli£j AjU tolyj L?1 j L^J aJc* Cjw? bl 

yii~o cajljm 4jaJsJ J yJl JLp ^yxJ j .a* yJ - Ui>» jSLto ol yj! J>-b ji-Ull bUS" a by clJlLII J 

£-Juzj aJU-I oJLa .yiJcJl Xs\^ <j aJL>I <b\j j jLiil J$ ajL^I 0 j>L jJi ^ j t jiJujl bl^f 

jiJuil AibS" J,l JLp jjjull bbff a~— J y Lib cL* o^Li aJLuII A~~JaJtll Ujlp . <?7y// 

. aJLp 4 m* «]^ a5" y^- 0 y ^-lp “^■^ - 

. jtJ aJ y: cjiic. A^ab-I -UP G 135 ^ yfs-C 4 jI Jp yil t 

<bb -b>ry .^,-^ai.li 1^1^>Uj 01 ^Jl U>Ull ^jffuJl jiJull A±bS" JSaLo A^a]! 0 Juttk 01 J- £ 

^y? yaf . jygtflt A-«-JaJc4 3 o^Ij j I cjilll jtJ (j AaLb^fl o-sbyjl ^a^aJ! o-L^iT ^^lip A%y 

0 J& JUO J . v-iill t) G 19 Ji>j jLJl ^jai f Ail OSt 
5 r = 100 x 19/135= 100 x 0.14= 14% 

d jbf bl y* ^il dJLft lA--~.-lg:*4 jyiJl }\ yLl ^ 2XJ (j dJU^r AjSyil ^ rtrti^ii ■— -JL?." ill 0 j £j 

aJjfc Uj..«>- AjLjcQ? ^i^ii ( ya*j <3 A^-Jabll 0 j . A*jljJl JaJlill ApLj^s 1 

^yAJU 4j .dJL^r A*Jb JaJljt* l^J> C (_^ y £ «Ayr- j L' 

d«J L a ^«A^x-— —j , A aa</s A—Aw* a^ —l aJ 1 !? d— U^t* A«— ^ L aA ^ L«j— L l 0^—— 0^ j _^b 

OUb ol a^.U « ^^JLp Jbb?: tdc jI^j j ^ {j ■~3 a -‘*' 4 bjjj O^^j 01j c_^-p y L*jlu__p 

. AiP jLJl ^Jbi JUP A i . A ^ ^ j j fl, J ^ 

^^AAgjtfiAiW L di ^J^ju l^JLx^r $'*** ^ c ^ o _-kiii c iir tii 

C aJIp ;ic« JjvflJl d^LJJ OA^lil A^..-.JgIxil LlJlS" bl lJ*S j . 4y\a&\\ ^JUj a) y^» ac frlj 

0^* ^ .eJdil ^3 jW^ {j *&£’ 4jeb« AiSl^* lij i p— jaJJt* ik.L>" iidl o /j 

•ac ^p— jjfl <111*1 1 dlyS^ -U>r J^-io 

( 4 - 14 ) 2±*a 

iT 0.500 t^u-i j l jS ji-Uil bbS^ 0 i-Jilc. liab^ UJi»t4 L^poi ot Jp yil 

‘jLJi ^Jai y £ .dlyJi ji-uJi bb5" Jj V^i jLJi j u^bLj (^t J 

^dJu& dl yJi dill Ap^A— L i 5~~k*il ^ U .G 500 (Jl j*-k' o 

( 4 - 14 ) 

JUL _, . IT = 10 4 G 01 fil .1^ olJb- jJl J1 j»jc±\ iiliT ^ij ^ J_T Sy-^ Si j> 
" u i J .^ , ' .jLJ 0 j-u G 500j tjUl G 5,000 = 10 4 x 0.500 j»-ui! Ulsf djSs 

B t = 100 x 500/5,000 = 100 x 0.100 = 10.0 % 




OLijjaStyj Jawllj tfrb j 4>S\ v-^Ui 




1*21 ill J^UaII 

.|%-jb (3^ - ^ Z* " * } j* ^ ^ * +**+ fe JJc* ^ 0/* (^ «w i* ^ L. -wS» j SLc 

(« 

ol)i>**>lil J ^J L l L^*Jl> t . ; .*>■ " L*Zjp 1 £ Jljj V tc.j ^ > jZ tv3 dzS*" L*Zjp t4 ^Jl Jajl ill 

JsaJUil /jj» <Sj*\ 0 j£vj A*Jb JajU-* Jp Jaj*)bU 3pb-^ (j^*- *(^J> ^ c-A i ^ 

.(Alnico) e 5 jUJl |^>^t Ajjiil 4*j‘l.dl JaiUll 2pL*aJ J^-io i-"Ull 4]aJiJ-l ^ C-JJ 

.(CO) cJU ■/» Ij (Ni) j£Jl j C(A1) f . jrft' 1^. 4^3 7 ^Jl 0^b-*JJ A-jL*^^J| fijlfe d-ai— il 

#* 

ji Zj J_>- A*Jo 3 <^l AjaJt* ^j^i. 2 jl^aI* 4 L>\^>-t <j£ y^-SH O^lxll ^yaju L " 

) i. , - ^ ^ l -fl-<-fl J> ~ ajfl +*. A j£z. i ^jA I ^^X ^ JLxtU , ^J\MA *X?“ 4^1 

. i... * v ai l ob 05 jl »XiP ( J^' 

fij-A ^1 Jl>«JL^Ij JaJlxii dJl ft *_Z2 j . aJLp A^g-CL* 3^-,^ ’* * C^b z! /y <LdlzJl Jajlxil ^J-vaif *-Z 2 j 

*> 

t^P-l jJi Jji^ OZ-Z^ *>LiS dJOb 4a^JT. CUPj b] .2L^b 4-1* j 5jl ^JL 51 SM i\ 

.ol ^i! rjA ol jJup ^-iaj p.JbL*w4 ^.(giM 4>ti Jp Jj-Ij <3* J. dijiil ^j^Ip jjA 

£ e 

. J^lT J^-io L 3jljl LLp J^^wwO 4 U obt JaJii Ub- 14^1 

Jjjla L^La JilJ ^JS3I 4ilj£ 

J yL Aj! yil .ylL IjJii- 5 ha} n b <>%_ UL» di»^ 01 ^ yil 

51 yJl J^-l^ jiJLi)! A#bS" ^S m . |i l^ijiUj 51y U ofj j^a\ I ai^J jLj a** d jJl 

lA^u-^Jl ^iJl>fci%^lj t^*do aJI>- <J5 > ji « **wJ L^i y#i 

5 = 4ji x 1CT 1 (jinl/s ) 



5 = 1.2566 x KT 6 (//«//s) 



•V s - 



(5-14) iiut4 



(i-LJ .siJ 100 is j£j cm 20 J ^1» .dc j£ jC' y. ^ 

U .100 51 Z 1 5:>li vZ^ 1 SiiViJl ^ .G 20 ^ ti\>- 4 o-J y 51 Z 1 j J*-^ 1 ii, ^ s ' 

?^ILJl J jlil jUl 

(5-14) J* 

tcm 20 s J jW' ■ Z' ji\ ji\ y ^ -xSZL SjUJIS' !j ji 

ja iiCJl 4*^1 y apI .T 0.0020 <Z G 20 ^ B iiliS' .m 0.20 

✓ 

:/ jU! 





<L.,m ,b;*ll : jJLp J\ 

B = 1.2566 x 10” 6 (jml/s) 

B/I= 1.2566 x ltr 6 (/un/s) 
r ] = 1.2566 x 10^ (jin/sB) 

/ = 7. 95 80 x 10 s (sB//m) 

CM 01 1*—^ NOli yJ o-0>b* a oliliiil 01 . jw’lj 

^Jl oUjj jL^JL pjJL N .b* c. — J Ul) .aJLjJI aJUJ-I j yi^aJl a*^ — 5 

<f e * * 

:\\ijSl\ ^ yu" bp.5 ’(j^ 9 oUl* j! 1 yw? 2 ,U:* a Ajilii jl 3iJ yua jl b jA^> IjLjJ 

/= 7.9580 x lo 5 (0.20 x 0.0020)/ (100 x 100) 

= 7.9580 x 10 5 x 4.0 x 10' 8 
= 0.031832 A = 31.832 mA 

. Jajii (jy«b* tjy** j> 0 jJUi* b>Sl ITlA 32 ^1 j-Xdb s-X*i\ I.X* k__i yH 

A ...UU A tt ljVVI 



*» *» 



olgL ^it . ap ^ b-Ob a£~ yJLl aLU 31 51 o>lS ^jJ5j 01 < x-C. 

.Ax^i ^Jl \X~* tA-jb 1 <3 jUail J Cjb ^Jl ^1 j— ^r'j CA-jb J m gC il 

s* 

C0->15" f.tlJ tA^oJljJl JajUil £-* 0b^“S/t j iit cI-Uaxj 1 A*jb ^5** -Jail ^1-L>»I ^1 

.{£ ^'Sll Sjg-?rSlt J tOljJjil j t^^jUil j 

^UjJI JI4* 

f fi 

dl^JJ t ^J\j ^jP Gjbp 01 . Obj Uaja^ (6-14) ^j^OlJl »i ^ ^j 

<1~*£ toliJJl jji^Jl ^Jbll *(3 ^Nj 3 j-^. CU *>- J jb ^£ r i. £ j>S <3 4< a)a l* 

. j>*S^ jbj (will! J !i| b^i ^b ^r^Jl ^ jl a l wl l Oj^j 

A^a < i jA <XlP , A»«j^L^^i s^jJj c. ^ , y^3 , A 1 1 i ) C jbl (^1 ObLll <3 J^- N b*J-I & 

^OJl t .s2gj3.lt 0->bli ^ jiu A,«^j)g;<rll d jjl}\ JLj jJ . ^jIpN- 1 <— i« dll Ci^JJ Lll ^3 jb J 

JLpUaJl ^jj 01 c5 jwaj A-^suJl 0 .51^01 obbi ^ Ij;:*) c51j0l J aJ jL-o 

^iJl ^.gOaAil Ja^gj ^ ,0b ^Jl ^ j-0aJ 51 ^01 3 (J^ 4 ^ 1 9 *■ - * —an 

i_pJljP ij***. 01 ,(J'X+ t a}\ ^Urjlj jl^l&Nb Aj>^. 0 </? u ^ a*»o cAj ^bbl 0-1 jJl £_ — V9j^» J,! A- lb 

<3j3jJl jt j^-jJl jl JijS/1 jl Jb Jl O-Lljl ^jA j£ 1 Orws juUj Ob' y. 5j^ c. jLSCII 

J^* ^bjt b>rVpjl Jil 1 ^ yP <0) .eJbbkl olpj Or ^ \a*A LAj-I^s — J 

.(^ ®Li>Nl — < li ol jbil 




t la ;«Uj itU :^b)l ^j\J\ 

*• 





4_l£jlul'yLlll d^C-lill 4-ajL-O 

■* ■• « •* 



.Ajuuij f ^Vn . n ^jlj j (jj :(6”14) 






<y 



.UU (Jj'V r^) J cr 

tA-SCL*»^Jl o*}L»- ^ll (3 .o*X-*j ^ -* p 3 jj-* ■ " -'N'l .^\' 1 ? >- .Jj t^^^p y .AS 

Sr.*! d‘\j iSjUl 3 a~*> j l$Jp JiUJ-l ^1 _> iw jJl aJU- l> jbi. oljU ibUS/l ( _ ? i__ « 

" a J e 

4j ^C>ull JjJLljl jl4b 4 ju-S» (J%! Jt . JjXdL) v'-* *>■ Jl ?T JJ 



,*X*j 



c^p IjJJl ^p*aj caS*" ^>«JJ aJjLaJI aa$I J>\ Oj&j •tS*^ ^ 1)4^ j ^*0 (7 — 14) ^ 

AjLjJl 0 ^ d-i_A • " P- . _j 0 ^ :»ll 3 j j 5 X i 4 ^p *X*p ^iaj\jj I 3 AJT < . * 

Ji t 1 jjJ> -‘-i C?>£ J^‘ 3 ^" •2' aJ^J^ Ji— P_J 7 AjLj: JL, a] j y x 

.z AiijJb x A. 4 JI y Aii^Ji ^p 3f y«J» JJi . j,uii ^jUri 







A..«Ja;wb : jJLp 



jij 







M 




^Vil l 



.l^uiij ^^jll j*j ”(s-») » <I a^i * j “0 ‘(7-14) 

.cJiJL^ I41* 3^** toLijj— Jl * 5 — bu j — ! I . 

,£IC d-C 1 ^ .^a.*.; jLl]l ^c* pl-L>fcLw-*)d y>-')l\ jj ^ 3 * dt j t y*S^ Ll ju 



£-* 



jj^» -Up 0 jijJl ^4^3' I 4 ******* jaJc* c|jV r ap *Xap o^IaJI £ ix* *i? AJlili iS*^ 'jJf 3 

fJtp" IJl4 ^ju) .UU L*~k Ailill ^]l ^ L*J* Z>-y. elf c/yL^—Jf .jL Jl 

jl La**1? 4-aJL^ c^*^d (7 — 14) 3 c^*)b jJl ^wb>xi^l .( (wJdil 3 jb — * ^ j — 

S' S' )» 

kikl b^sul b* L*3 1 ^1 p 1 * ^ ^ b 




3 S*** j' ^ p-^3 oIjIaII 3 pb'i/l 0 j-A 0I4JL 3^ 

ftljss-i li ^1 j AJ J5I jd\ u3U»3l aJsu-I y Axl^ail (JjJLiil ^JbL*) ^Ul jiJl Aj^UJI oU~JaJl 

’Ui 3' dr 4 3j^' _r*J f ^ 







j r^jXsll otll 






JAUJ4AA jLull til 1 j£t-4 

<_£ j-aJI «jj& ^lOa^-l ^S\_C <L5\-Jl^^ <_£ ^ ^ • )"*-* * * ^ J >LUl g_J jf 

dc ily 1 I-L4 . dc ^ j**-c. S^jl _)•> Sj£jl£L« 5iUs Jt dc Silt Sy^ ^ SJV' . J*ju 

^ ff 

.Jj ill S jy£~ j ^SJ j! ^WyaJl 4jJlj OlS" ^JJ55«J>- (J jl ^I^JT , <j^yuj.l ^ *}\5\ j; 

* # # 
jl t^jJl <Sj£ ij Oljj-Ul Li*J <t^A 4-JaJl d^>r Sn <J IJu>r Ojyt^aJl ol5" ^sM ^JL>«ju« j 



. d i— »> Lp ^ .« . *o J k -^ olS^ jkl ^ <«*«.) . ff-Uap! 

ijy <5 .A y w. j a ^ * N ^ A>- ^jjJl C->Ulll ^ Jl dc (J J 

UT .AiU aJj ! dji jt ojC jlj ^ jp 1$ip ifljjlsu 4iJUjdl iwAlaiS/l yU j 4-~5"Ud! ^Ikity <_->3L4 

jjJJ ,j%5"l Ajjj^aJl aJL 4 * UaJl cJl5" UT j tc£yl ^jdl 015" Ui5" toUlil j jl Ll jL Jl abjl 

<^J)JL* ^PwLi j) I olilil APj^a^ ^kl ^ j^Lp t j5f+\Ji ^Jill! ^P-Aj cd^Liiill 4P^ oj^r 

<_£ .4^jljJl kjl*il j ^ L$ J-^kl oLaJL* Jj-jl^-J .((8~14 J^kiJl) 

oUNli 5^Jl dJJi kil^ jlif^Sy. Sj>> JS" y‘UJl ^lU j jLJl aUl l5 Lp 4_Jail^l 

,jLJ| Ji"V <^UaJ- (j N (5jljJl 4>^p 4k^l J^kl iS .^—Aj c^jljJl 




. tJOLuuVl A^ajiSiasjdl Jajk-^ll jLaJ . dc ^0^5 k»U ^xujj t^8 — 14^ (J^uJI 

- JaJlaaJl ^ !■*»! fl“< jjSlJ ^3 4_kfij J y^3 -He. JaA3 iJliOL^o^ll ^Jl 4 » klsnoll Ja_jk^J1 ^Jujj 




51 J^' 



^ (j - 4 *-& Jt\ L& c^wLliiil .ii ^>w»JJ l> -X>- <J,I AjLi^ ^by^JsJf jJjdl ^y. i 

* f * * * *■”* 

tcI^uJ^ll l)I , IS”* j^j\J>!iy* ^-P«A->^ ^O^LS*” j>u*S* Jaaj d)i l ya j l ll — *j ^Ja. iiiiHi^i i ) ,jS\ — *-. 

.^U- Jai JA 43lU OjLp cois" y^LS^ 

? •» 

^ *~.* te :*, * a ^jJi>- Jj Jj^ ^ 4 '^*^' 3 .C ^y**i 

4J2-** \y Oijj-dt J .(( 9 - 14 ) JajLiil ^jA 4 )a**\y — ^la ^ al l 

JjlJj ^lJl>*l**i .<_£ A^SCjlSlil <iUai^ C*>\ljjA fji*** ila^l y ji <ju y 4 ja^vl y j\ . , -.;Jb 

yi y 

L-iU? dc { Js> J y&>JS 4J ydi c£-Ulj jW* ^ ^ £ j — ^ jr ^ — >)! Alj_U 

# 

.AjLJjJt j 



•* •• 



d)jjC 4^»\jtll JajL** .».«^a, « 1 . AP yL* <Jl^J*L otiCJl 

.^+~.< t h:xii (_/? J ^««*Ja:*l Jaj ^jJf oliLJl 



L > 1.0 




AC £J± 

.ac ^ 3 ^ 1 y :(9~14) 



jj&yj 




aH Joj jaIII 

J -44 flity «kft Jay ^Jl .o~-l$3l O^lLuJ j U^4 5iU jA J^~.....dl Jay^ i 3l 

iijJl ob ^.,.*^11 3 4-v^b^ cSjj — ill A-JL-jdl J$ jL>-Sf I ( j^aju J$ p^^iO*y Jljy N 4jj-5" 
oULJl Oyp |%-Jaj L ya^J <J Lay I ^-»«i ?l *ll Jay jjJl 0^0 *Jj — ^ Ji-L — dlj (hi-fi) L — fthdd 

. AjuJ\ aJIp 

4»}a ai jl 'y o J j«^ 4jJaAi 4 a. /? dill JbJll**l JOsS"t oh>yp> ry» U)i^* (j* Jay ^jJl j^XX__y 

I ®«.VA ^ cJJl <wJaJ| ^ ***Ja «#ll ^JaJ“I ‘n - L ^ , 4^SLj___o^*yu 

0 jbL* ^iib t_PJi . Jj^fc^jJl ^1 jJ 4JbUll 4fl)g;ll j JaJ4 0 y _^u Jl U oL » 

✓ 

JsX (J§ U. l ul l ' ^ * ~* a 1 ‘^-f' J lj ^ajwjl : C. ^2*- flL^"lj A ■)** a " ■ •■ * aAj 1 1 JL*mS| * ~ - 1 ' ^ ^ 

i>i£// iU-l^j AiiS” 4^*‘ > ■SP y»5t olijJrl J j>- 4*~JaJtll J jii- 1 ■ ■;■- ~ tii\jc: -VI 

. J-awJl J Jt. *JJ ^USfl Ji>JJ wi ol |>JI r: y JU-I UA 01 . O 'j^sJf 

<J j£ ^ .<aJL^JiI oLLjadl ^^-Li) apjO* ol — S"I p*j — *j — dl ^-Ij J — iyy 

Jay jjJl 0 j$vj J t^i ^1 Jay ^jJl ob olo-lSJl JJuiJ Sjy ^JL*-cJl Jay ^oJl ob oLy ^iSJl 

^11 aJLiJI oU-^JI Jiaif .J i 5?«^dl Jay ^jJl 4p^» .^Juiil 4>jU> yS^f di^^l 

.!» 4^a^ajl 4 <1^3 fl‘>«. jl . 0 Lp'^vwj I ^JoLaA]|^ 

.4^rjb^ 4A**»*)alx^ <Jyi>- 4)a<*> ly Lft ^1 ^.,*«. J aL«. «l l Jay j-iJl ^1^ O^UbJl AjyJij 

jl 4-AfcjljJl JajUil l~Ljy ^g^^lalmll Jay j-iJly JaAl>-l .sJL^ J _y>- ^ ila ^*i»S/l 4yli*^ t_- — ^5 tjJJjl— J 

OilS"" blj c^^JaJJtll Jay jjJl h y >? ^ll oliLJi Uiayl Ajuii ^ll 5jl jJ-l C^SjJ Ji . 4-Jb j^vJl Jail — *11 

. UajI ^Ioj-aII Jay jjJl c4jUS" 4*iJ y Ojl ^i-l 

^ unli« 4 t l oajifl 

tff 

*X>-I U Jl^Oj jl ^Jl 4»ji-jll olibJl jyi- l«Jaj jj ^Jaj sA>*-*iJl j * & p 

* * * 
c/ 3 ' _/ yi - -Ijy jl Ido 1-^^ ^ y Ol . ^>«>.Ja.i il l ^ yJl b-Ui ^Jadl ®J — ft j — 

b^-a-P' >X>r jj j <olibJl ^ ja « 4 ( A.^tsJf <JLsLil y .<u. J L Uayl 4*1^11 fyl 0j£" . APy 1 ! ■* pi Ij 

UUil j&lj t(cm 8.9) jUil 3.5 ^f J^i o oU — J — ^b 

cjlS'jfZ o'b/T /y Lg-pj — 1 j 

^ - ja 11P 1 1 Jay ^ *Jl l«A_u* 4 — »*aj ^ft t 1 , ^1 p 4 ** •ki* *1 1 Ol 

J>IS" jyp (Jl Uaj .objjJrl <klil JaA3 oUa^ O^ry L$l ^ # ld ^ aJl oliL ) 

J»? 

< — ^^O^l Jayj-iJl O-Lsi- J^io t j &* I ^c/ 3 .^Ik^-S/I ^ Jb 1 ^ bj — a> 

oLJl Jp OwUy OliLJi oly yOJ j Oj^S" 4a*-L-w* ^ip Jay _^SJl Jp Ob ^1*1 1 yoJ .41 ^Olft 

^Jaj < j^-f cijJJJJ yJl (j* I <>1—^ fjt- yl I jbys-y jly OxUi 'b/ • l£ y^^/l 

.Jay^iJl ^1 p jA 1 -^ jj^I ^jr--y dij jy oliLJi 








CM Ajl j jJ a-w%3 jjl ol* jixil jAjt.^1' yJl il)ji4 01 

.<L*IS^ Afr y*m y* 0 J^~ l^N-C jt t^L^aJi O^bl^jii C-'Li* U Ax**Jl — ^Jlp djyu^lJl 

4* — JaJtll yl Oy- 3 Jaj j-iJl 4 jL*J- dJL>^dl <LjU ijJl joljuil il£i C_ :£ 

.djjj-riaJl -LiP 





J^JLu 4 JLl* 1 4Jli y CU^rl bl dJL?r O^^lOl 0 JLP Jya.dJl lJUfc yOl Ji 

#> 

.<^lr£j! <»U j 0! L«JLp 

(ir -kilt J&U .1 

■r^ (c/o* J" J^- 5, l^) <_y J ^ (a) 

•M ->M vU-rtf» y UUP y (b) 

. JaxJ (c) 

• y ^ J*£ (d) 

liL pjb J^Lio y JUj .2 

(a) 

(b) 

•y b ( c ) 

. A*-^]aii> jjji ol> (d) 

4 ^i jLj y. JO-L* <Jj->- ,3 

y -uJl d^L^j ^ yi j«^vaj (a) 

.oi-O-Jl yy^ c£y^ 0^5 \j (b) 

* 

JjcJJ UJ Aj ^5 V (c) 
*o'y L^^LuUiW* ^ 0 ^$o (d) 

•■^j ^ -4 

...jh'-iiU JiM » (a) 

.u) -J^l (b) 
.^,~.ja;*ll ji-Ull 4iliS" (c) 

. 4— — w— k kiill ajjiiil (d) 

«jUjL» 4 ^ « «« « j^L<.^ ii i aT>I 5_jiil ^ U imA 500 jL; aJ olil 10 ^ 5 — Ip U^JL. ^ lij .5 

WiJ - 





j 

m 



5,000 (a) 

50 (b) 
5.0 (c) 
0.02 (d) 

ya. r -.>.^ll u^Uil ^ U <&>■'% M Jbil y J\ .6 
* ^ 

^jA 4^rjb- 4 j J jiUj (a) 

JiJ-l (c- J ’^’) (b) 

,iJL> j4&\ 0 jJiJi Jij (i j£ (C) 
or jil jLijj'l (jj£ (d) 

3.C (j** ^ * * - ^ .7 

• c£ ypty Jaii (a) 

.OjJjU 5^ (b) 

.C$ ^-Sll yi^- (C) 

bl*ipl 4^JloJl JajUil yLj j\ (d) 

* 

<pU-^i 3 iJbs- 4wb* 4 JUJI 4-jLlil k^-jaJdJ ob <blil .8 

• •* -* * m 1 

•ac J\ij& o~ ^ (a) 

•dc J\ij4? it A (b) 

. tS^aJ j£}\ (C) 

.pJb { j^a \KA (d) 

j* dc & j£- 0\jj* ^Js> J?U>JJ JaJ 4 A*Jai l _ r £j u c^jji jlgJrl .9 

(a) 

.yljJl (b) 

(c) 

. JiA-l oid* (d) 

oUtJ! ^br b j Jaj O jLaIIj ( jp ysJl 4JL^>- b| .10 

. J jb\ 6jl yi}\ j\ j^m\ (a) 

. Jaji j £ Jl j <uip yt> 1C jg f ap^mj jjp i oUtJl ^U- fJ\ j by* 5jbUi (b) 

j-v (c> 

,a..,.)aJtll J yc i! I 4 Jit y yVl (d) 





ljjUUI jluJI Jja 










J-ko ,4-Jb dc oijb j 4k r .vJ ijLli 1 Ju oIS%l!I j 

.jLj f-k>l 43 Ik j ^>«j ^ 0 j£- dkfc <JL-J 15" 3C ^i-P ^ 

•n— £tlli jl < j!xjr . f-Uj^ 4iUaJl jl {JLj£- ^ ZjLpLL* (Sj——^- — |§fj|^ 

.U 4 J 5 " j\ 




Ji>- ^Js- aJ\j j4& 1 4iUaJi ^ p~*a) oi jil Jijrfjl J>P <_> jbiil jLlil ^ 

y* cUJb tS^Lp oU y*til j jSkr , <j^Lj?y*lb ^JJJb ^ ja! ^Jt oL> ^U|;|^^|||^a,ilU 

4il>- J] dlkJ' Ijla cJ> jJ J-v^4 lit* . ^JLS" (10 6 ) j 4 ] l£jL- — 1 L)||£3p|^ 

jj^j ,L^jaJL* *}liL>- i^JLta j tSkLkl /J jbiil ^4jjlkj obL£ <J,1 L^LLi cJU^jfj^ 

( J^p- £-kl £-L d J'Db 1 .4uiLk| /J jLlil JjiJJ J& tjviu^ 

|J^ J$ 2ilkJl 4^*5^ jj^J . 4jjkM (J l^ij Jb (^^Jj ( jS\-Io oL> 4->*jJI 

3 li» y* jj ^Jl J t^jki 4-^k 1 - 4 aj ^J aJl dJLi 4iUaJl Oy^ SiLkl SjJii j] 

.l jjai j*£it §§||| o'M 

- • % *i* " •’ 

. , ■ • -." ..■■•’ ._. 1 V !,k ■* ■ " ■ " 1 

diLus ^tl 

^ JjlaJl dil^ eki o^-Lr^J .km 10 6 4ii>- iplw5 ULp ■ : 

dULwJl ^ J ^k) 4 -^a-sJL ckljw?! ^~~ki*ii ctiJJJu ^Li^l JUP .klkJU 







cfrbjg&t :yU)t <yUl 






. o*A^“lj 4jjj dob 4 jLL>- yp ^ubJl JjjjLlJb 4j j\aa 

J* *bj Jj .‘dp'b 4^«Jt dt jj jJj j Jjs* yijjJl <ilb^ oLP-UiaiJ cdib y Si 

d\jw>\ S~L*j jyf I ^»*>.jfa;»U yi^l ibby ^JlLII job ^JlpUoIj y* ^1 U 

# # 

^ ct_<a 1 L) doLaJ .hJLp ^JLp l ygj I y*-^l - Ld*J . 4*jly& ©ly ^^yry 4jj\aa 4 *»<*^7\* * j ©ly 3 j^r y 

.tJiUD c ^i£jl ^JLpj c^jdil Jt ai 

*= # n 

jjJj . cJilil b Jb ^Jai yd) I y...^bl? j cOliDl iUP £-* b jb b j*S- t_jdll i j^aj c.. ^Ljj 

.^Jalll J jb o^Ujj ^Joi ydll yajbdj y^j ydil ^JLp 4iJJl ^Jbi J jtj oliill iJLPj c c_Ja_Li\ J ^L? 

(jijjaaJt j 

-<#■* * * * t > 2 * 

jb-^l jt^i ‘i_y^ _y*-^*l ci" 4 ^” (3 •-d^yJ bi^j jbdl (3^*^ cjy***-*^ tdc ^y 3 ^y*dl >-U— p 

dc jblil j a*j J-Ljc* yiA^-l bJb" c^jS^I ^y^i ^yd)l Ob*" LJ5" . ^JfiLi ^yd)l ^1 p - L » yi >X n f . 

y^y^ J^. -y^y^ j^Ji L>y ^ ^ y^y^' ® J — ^1 ^ 

ji*>! 1 jlJJLc. yaii^l jl 4^s jbiil ^bjl y^y*-* jS> (V 1) cJ y 1 © jl-bb 0y*5"* <j y (H 1) iSy^ 1 

.(A/sl) vblb 

<* ^ j * * 

^p ^ i! 1-X4 b> ^> 1 ^ y-x U Ij^li Jj — ? r djj- — T j — £ dJ — 3-j j — * (3 j — iAl 

. c£ y-ft Jj djJLijl -ijy* d yii ^JbtU*Al obLwail ^jjaj ^ jiJj — j id b ^ 4 

i« 

y- of .(nH) 4 #>^» yiO’/ jf (nH) czy* jj&U-t j\ (mH) ij yj> ^ — l 'J L> — <=• J*i j — 

tl mH = 0.001 H = 10~ 3 H JU ^ tO^l ja U» ^ } JSLio o-U^Uil oU;l 
. 1 nH = 0.001 |iH = 0.00000000 1H = lO^Hj I |aH = 0.001 mH= 0.000001 H= lO^Hj 

j ^Jj 5 p-j— ^ jbdi (Jy>- cl jyw* ooliJ ^-vaj y^ ^Jl lj^d\ oUill yzj y>d\ j j — x> 

ji^Jl y^ ^Jl J yjl ob 4^^-soJl olilll (J y2j yJl ^ j gJrl 

-3^Jrl O f-la-j jbJl oUUl 

iliLu a 

% >** 

^3 U5" J. (CmLcMmJI ^Ip L yj j>d I cJpbbJ ^ oU? y«il J y- ^w-JaJtil J yLbl Oob"* bl 

JA .dJLp- ^ip J5" ^y]l ^ 4 j jLw* yaj ydU 4^iJl j . J~JL*Jl ^ — Lp ot « jUil 

.L^J JLLP C-oLvb yxii 1$ .«* fti y^Ldib olJL>- jJJ ,^JblJj>*JL^I /y Jb^tlil 

bj .((1-15) J^lbJl) { Js- 4jy?y L n c... cZ 3 iL 2 ^Uaj yjl dJo-d 4jl J — 

Joju - Ooli^il Jaj ^3s> I ^Ult Ooby yx-^JJ d- — ib^ 

dU^ L yao ylll 



L — L x + L 2 + L^ + ... + L n 




jLsIl J y Jbjll : jJLp J-AiJl 




. ^Jc. diLajliall <. flUXj L a£ (JjjJLuult ^Jc. <■ " lU>>j ^)aall C &\ t >Ti 1^1 1 5) 



£ jillt CiLua j^aS 

J >x ^‘ f?* t^S- j£\ jl j>uA «X?rl^lj ^1 Uj 

ti Ljh ^y#y L n c... tZ 3 lL 2 t L x c^Uaj y^Jl jJ -of Je> j&\ yii)! JU- oL*jUll ( «-^J 

I^JliJl 3«.»/all ML { Ja± y . ill cy JJL* iiJb^C. li] . ((2 — 1 5) 



ML = ML X + ML 2 + 1 /L 3 + ... + ML n 




j&ll ^jJc- (JliLajULall <■■ ill k irC) La£ ^^SLill ^ic. CjUlaJ^jaull <■ t\ t^2 — 15) (JiwJI 



\<J\ . 1/L J*rt J* aJp cJLa^ c$JJl iJbJl c-J jlA4 Jl^L L Jai y^]\ *\£\ 

Z = l/O/Zj + ml 2 + 1/Z 3 + ... + 1/Z n ) 

= (1/Zj + ML 2 + I/Z 3 + .. . + 1/Z n ) 1 

JaJL^ V . Jl ^s\ yj jS " jlil ^ g ll ^jA j :>-l 9 j>» J-wJLvJl ^JLp — J j£- U— jjJ A >15 ^ j 

0 t n* 

J5" oIj jxil lpJL>ti^J ^Jl oiJb- Jl j y JUJU ^ ^1 jl iS s-* ^JJU <£ s* 

. ^jL^jJl l^Jp ,^J l 0 <X>*Jl l^ *+*.A) 9wL>* ^JLp 

( J3* > 3 (J^W^ *UP ct->wL^; 1 C. Li***-. —A>l , > V U. £0 

J^Cdl Jai j>%A\ jyZJ UT j>Tt ^ Jl j — ill jUa — )l OL — 3-^1 

jU tj jU^^I yju j j J-JU 4 II jU) j! ^ JUa — Jl — >*si\ jL — >-^\ Ja HJ J 

jA\ A^\j>- L<J y^\ oJLaaII 4J j^iSC 0*1 jlJlil jl C^UjJil Jl $.Lj JUP ill L yaj J __ 3 ^lJl 

. 4-JUJl 







(1-15) 2jL— 

*1)^ O^ 5 * J A- * 1 1 _Lp aJ ^ .. o O^L^a <0% 5 ^ J 

>1! jUl^./Jl y L. -nH 120 J C^H 150 j >mH 1.50 

(1-15) Ja. 



s-.-3r . (mH) iS Lp^ . 1 g * ^ Lg am >oj Cj1-L>- ji\ J] cJ 

■<S j* ^^LAl J] <£ r* jj^>Lil Cj* 0.001 (10 3 ) AiJliJlj oii'l ou^aII V j-> 

. ^ j l *1^3 ) 1 ^gl^w»Lw»<^i I 1 j i o (4^wk>biJlj 

i s = (1.50 + 0.150 + 0.120) mH = 1.77 mH 

(2-15) 51— 

^j/3 I^I$1 j jl jjiljl ^Jp 4-|^V' 5 ^>«-*JJ J^Ji ^aj ^>*^1 l—. * 

(2“15) J* 

i>- ^ * j* <s S* {J^ Upi C*»U>- jji J] oUaj Vjf Jj — ->- 

.mH -1 0.667 4 *jLU Oli JUl j mH 1.50 J jSfl <> ^ UJ 0] .*L xpSfl oJL-* 

• v^ 7 mH -1 8.333j mH' 1 6.667 y> jUJl jli JSLio 

^Jp J^LbxJJ oJLa» Lg-.Clj 4 A-jLaJ-I oLJ-I 3 jj^l "l£ ^JJl ^ j LiL*" oU — ^ — *j ^ 

yjjjJl ^j^aj i ' ^Lp l) ji *>^11 (j'i/l * ft. i l o<X& ^ • *■— A*L^P Aj l u t L« jt .. ** a 

:L n JUJl 

P - 



L p ] = (0.667 + 6.667 + 8.333)mH’‘ = 15.667 mH 



1 _ 



-1 



'-L p ^ Jjp^i L p 1 v 



■i dr^Pl 



L p l = (15.667 mH' 1 )' 1 = 0.0638 mH 

.|iH 63.8 cp jwdl J^Sll ja dj^j Ji 

4oJajj^a]| 4&t 

<P <0 

J! (Jliil JiUJl) yUaJl ^ j^j iOju Lfip j>yc!l jxr. .dc ol jb J Ua^ U*i J^jUil jc*3 

4**SCfb 4^jL5l) j j^\jjJl Ji Jj .^j 4 jL^ Oj^j oJj\yi* o j^S* 

^JtuA^i 4^jUil J .JL*Jl — IgjLP jjjcJI j ^j: a 7.1 l 

.(LpLiu^ Ui2jl (^^P*^!) 

^JLp ^j.l^.j .^jl OjjIaJ Liij jLxii l£ j ^uy^* dc — Japl 13] 

.rms j' 4^iil J] 5^5il ^ ^Jrl jf U5 ac -Lprj jU j* 13] ^jIa* j>p ac 





o jbsil jLsll Jy Jbjil : J*^i)l 



dc j iliLuaja-*)! 

Js- jJJLJl oJL c~*i lit .U*- Ju*- J£jl> f L _^£jl JiJ y ibL-ty li^oJ <oi 

* * % 

\j±£' jb^l £-r&i c4j!*xJI 3 jlyll y oy-/3 cilLJl y*l~o tdc AuL^jj ^JlL* <£ 

JSLw dJJL^Jl UlS”" 0! p-$j .AJjUftJi ^tprl ~bjJ jl (jj^iJl) 4^-v»UJl J ^ 01 yj J— > 

IJLa (1)1 .jj£ jLxll (1)S/ J y- <ul yr jl y»jS|l ^ySjl 1 -o.i. jT £-/?J ojj Ail; AaL>- 

OjlJL*) tilLJl R Ji*j j tdc Ayr £ Jiujj t jl-xJi / »*ly- t/ = E/R c£jb~J 

. A>jJ~l y Jy ^-*yb (_JlU 3 dc jiy^. (J^-i (J*^ 3 -**-* — Ss^. 

d^jull Apliaw'yi 4J!X-Jj ^JlLII ywj j 3jfr?^ J ^j1j ^dl' (J jW^' ^rs — ** 



jLJl ^.i~J ijjll ^Ua^»»l bl dji>-l .'bf ^1 4 jAjJL>- 51 jJl C-Jb" jl ci^^iiil j?wj tojJJLJl ijj — * 

.tlXL*Jl j g < /3 ' , t * jj jv^l l 

ac j CjLua j^aII 



y ac « y ji-iJ Jjjl Jj£ .ac J} dc y cJdil Jy^il AyM ^ jy o j*p dlil y yil 

. y y UAl Jl f cyy jL^Jl Jl f c yy*>l ob Jl y y Wij 

* 

c ( jlaj y»ijl < y (,_jiJLdJ .dc £-* <51^-1 L*5^ cL — IL p ajIjl — il <3 ac D ^ 

* 4 * * 

d^lil oUlil ^>JLa 31 . C-Jdll (Jj l^\i-yd 

y 5^1jj JLlp ji^Lillj cJiiil J { j*i 1 1-^j Jl 5^U jl ^1 c jlS"" bl 

jlll jLxll JL^ tiJljJl ac J J .Abigail ^iS^xjl JJ odil j llij jLlll JL^; ^ ^1 .ac 

djj-vai* d jb p-LioL jj^jiljlj cJlLLI (JLj (1)^ ^ jPn£. .cjdil ^J^lall wL^i-l (3 ^ J* *& ^ 111 3 

lj-A A-Jlo .j>-^/l dU4^1j OUj^^J'yi J-i (Jjl-^ /* ; jdygjl 3i ^ J cL^UJ ac 4j>r j>» j (dJLgs- 

1# * 

bl d jj>.f ,U“ j ^tTl jyUl j .dc a^ jlS-4 c^La^' j tac v y: — Il «_i 111 J ji?L Jl 

bl c3 j+az^M .5 J5^ ^ jLJl xky ^ vl. ts*- tJdil ^ ^ tac ^ jy* y o^L j o y^>\ 

•V jW* c^' y. ul ~*ji£ a>jU^ 

.(Q) ^ jS ! 1j ^U; j ojLiil a-Jlj Usl . 4. j^xjJf ZleUlL ac ^J,l ^Jj-LLI L^*jl5j ^Jl A^jlill ^ pju 

^L“ (J,| ( y 0jOW9 4 j4s 3) yj-viil jly£ iak-J ^ c4>jLaib" A-^aj ^>*i]l aJLpLaII jt 

ouu ji ij j^i oul*) ^ ji jL&}\ y b^p Ji (j^v? — 1>) ^ jS/i ^ — * bj — p 

j 

ij yt. US' ill jlSili" ^ U-ii” Ajiaj y^lil litUil j^<j ySlc .(iJU- obi y LjJ ji 3 : ... : U-.i. 

.(3-15) JSoUi 




tfrb oUl 




lAj y j «(*y ^ j •f»y j j 



0 2 4 6 8 
.^Iam jl ^jS*uu4 <. a aJc-U-JI (JjIoj (jS-aj : (3—15) 

.AalLoi JjSj J (jSjaJ V U^ij ^>j£3 V 

jSflj AJpUuI! 

3 aJLpLa^JJ y*ji .(b y ^bil ^ yJl ^biwn) .aIpUII y (jfS' jj y A« 4 ,<a> ^>vx)l 4 . ic-lill 0 ~ 

•X^ y 4 .yai ^>til! ^JLpbLaJJ jLtjj y ^ 31 j a~Jp[j J\ cjIjLaJI 

(f J^) X L y*^l aIpUII Oj^j bl c(<y yklj) Z c-illl yj (y ^Al*) /y ac ^jy ^y Ob" bl 

X L = InfL a 6 . 2832 /L 

Ob" bl UaJ jljaj j «c£ y& Z yu y*^ilj y y /* ^ yil Ob" bl 4 **^ a J l J^aS 

y Aj jiic. { Jai y*^Jl Oj^j 01 S-*^ $$ yil Ob" b[ 4jl y"jj 'k£ y* j^^jIIIj Zj y y b-ll-j f 

.yj*>\ii y 4 j ^Llc. yu j>*jS\ dj^i 01 yi ^ yJi Ob" bij cc-j'^l 

* * * 

Oj^j X L £jUl j*— » j jlp 4jl yu Ula j .ac ^ y o^Ly Ua^ by> y*Jl a LpUII ^bj — j 

£^bil yjaj tbliOJ .yaj y«Jl ibLy bajl A.^a ; y>*i)l aIpLaII iby . ^ . Jb. , ^ Jas*- ^y- SjLp £*JbJl 

bajl b Jb v\y A^J j ^.J £a b Jh X^ A^ <w~4*bJ .p-**» jJl ^jIp Lja>l Z a3^Jj A"j 

.(4-15) J aJlfc C-J^J ^Z 

(3-15) AJL- 

?kHz 100 ^ yii aip Ay* aIpUII y L» .mH 10.0 auJ Jp 

(3-10) cU 

JMj j c(y jAi y y ^3ij (<Sj^ y ^ y * y-) c? y — 5 o — ^ 

yp c 2 tT ^AaJJ yi^T 6.2832 ^\Jj>CL+m[j . 5 yb* AijbOl A w .. ^al l ( J* ? Jaj ^SoT 

X L = 6.2832 x 100 x 10.0 = 6283.2 £2 

jt j^jl 6,280 jl jj A?^yJl oJla ^ y cl*U ^ 15 jl aj^Jl> aajJaa J^-jJI oUb 01 U. 

.(kI 2 ) ^ jl jJOT 6.28 

RL & ^ Jallj 

4^ jUil A-ar jj .ya j A>jL5> y£- fijb (j *jS/ 1 A- JLj yajba — i^l * 

(j yA y b5" tp~+A £{ ji oLjlJLa-l ^Oaj <.LiJ^f ^JLal xlA Jt-jiiwi *a y .^? ) Aja*-1 aIpUIIj 

.^^IpNI biylp A.-AJ j>*^ 1 Aliuil yj t^ysS/l ^yp A ?w>y A^jULlI .(5-15) 




jLsll Jj*- Jbjil : jJLp 





JJjall j\ ^ Uaill 

. AJijiill £-a I J^lka KxuXIla j <)>»! V*U 4JcLL<J1 1^4 1 5) tJ&iuJt 

jil jJ 4jUJL*JI <uuL«»*JLi 4_*_3 JS" t ^5"" lx-4 ^JSn-Juj . ZmjLC RL ^ j A$ aJolaj JS" jJ 

R cL«* > - cR ~H jX^ (_£^iwAl ^ j c 3 s— -^x j ^ j c 3 Aa-aj 

<^1 t^JL^xiSl ^IJlP^I oJb»-j j c^jSl A oj-Ul* <W2j j>%^\ ALpliil X^ OjUJL* 4 — *jl3il 

^IJLpSU J ^ O-jf ISI) .7 J.UIL oU-Jalll j j 4^-3 ^Ju .-1 ^JL*U jit ^ Rjj 7 JI ji i?\ 

.(^lixJl I Jut JA J y Jvaiil £*•! jj JLP c4jJUAi AJLP^I j 

^Jioo JO + 5 4jJLaAI AjuLAJ j jSA 131 .^jl R — 5 J-iJ j t43 j+a \a »JjiA jJj jJ 4ji ( j> J — ai 
OU f jt 3 = X L 0 j£j“ 43 ^ wij ^ Aiui jJL uJ OtS" tit ./?L c$ ji~Al £ j J (5,0) Aai; — 11 

(5-15) ^y>ji .RL j <j (0,3) 4jaiJl 7 3 + 0 j* 4^jLiJJ 

.(_£ ^►■'Vt -kliJt l J 2ju . 3?liiJi aJUt 

J^rjj 4jS/ ‘Lajtjiil <^JlL* ^JLp Oj^nj Oj^J c4^AjJLi-l dL^-^A-l 

0 j^o 4jlji JS" (J$ 4*^JL^» Li (j*V b jJru& 4« y3; 4 JLpLL» Col/* jlJiit ^v*Arj .lAli* ^3U ^^JlL* 

43 J*0 4ipbL* jl tjO + 5 (J^* As^Ij j 43 J^a . Jl 4^jUlir wb»r JJ \ .^-LaJJ ^JjU J ji? li 

‘ #* 

t4-Jlii! a Jot ^4 o 0 ^Ssj oS .j 3 + 0 L->Ij j 4_» ill* 

.(l^VyJaJb ol jLi>-\I J ®7^r jil oOUot'yi Jj*L^« fiUtl^lj) jiia^ J^-io 43 O^pULI j\ oL* jUJJ 








. R 1 ^ £jj ^3 4 -w l>» j,q Aj^al^. Aj^AC. CjIwJIaaI Jal&j Q^a-i l (5"~15) (JiuJI 

jjjldb j . AJ oijtjJi (3 -b&jCU ,jSbio jb-^l 3 <L»/2 j ysxlil 4JLplallj bjlill J 

:/1.5 + 4 jT 7*3 +- 2 

■(l£ L^' j) (fj^ J^j) <^^bdJ X l p-5 oi j 

' .1 

i?L ci >^-i' £j <3 (W^» >£) -kbJl JiJ <S^}i jd\ _&*> 0! .7?C 5jb j w ji]i Jjcj o^Ull 
ac w J bl .ac J> JjbSUj tac J> L? bSU to^U- i?liJl oJ-a J lu . 

jy £ ^Js- Ajaa;)! £t~*ajj cJf L = 0 £ ** & > Asf*-jllilj . <W2 j ^> il]l 5lpUil c.lil^-\ tdc — j c£i t yws — St 

.7?L c5 y~A\ a^j J Ojliil 



AjLyuij 

oJLa fCJLoj ^bj .^J\j ^5" Ailjaij cJjll js> ac 3 4-^bJl J-*l y>- Ajc^JI ^7 

tdc u^Jb-bj b-UP U> j j! ^j^-C t43 J^\ dc oljb 3 bU Aju . Jl jjJbu \ .Ub-\ AfUail 

^-w2j .d^ jl 4 j jP yk 0 ^SsJ ^ b-XiP t^yaj ^>iljl5^ t4*-w*Jf jt jj^-C -S j Al^* jjX> N bjj — Pj 

^ # £. 

ol jyUl 



4n*/ii 



1 ^1p ^ 

1 ^ vfl* > tJ_}3 b ^ ^ 5j <.\£~ m \ yJ Aj\ J 





cJjbslt jUJt J y JUyil : jJUP 



✓ ^ 

Ax>r y* Ai^x-Jlu L^iJL>-j C^yjo yx*>t+A l)1>t < */3“**» iAj^tJaj OJ b bi OLwT Obbfc J v^J b! j i' 

j> #< 

. IJb»r jbj\^S"~ yu>r.,,,d,y?ll C^J yJl ^y* Ljaxj t^JLih <3 J*^ .aJL- 4_>xJUj <y J 

JLgj^r AjjL^w* 4^k-ji 0 j+&S\ J j£ ^LJ cLj jA j LJ I j?tJ^ L yj jo* (1)1 A^yJJl (1)1 ^ b| 

(J y C L* ~ j j cCJ jJl ^j Jaju oUj y^J^fb y*jJJl tj*>bb* ywjJJl (1)1 Lf.j .AjjUa- — ^ 

.UaJ cJyil c/ 1 ^ <J* "^Jj*" 

* * *■ 

^UaiJl j ^Jb Ji>- J^rl yJJ tAjjbUJl bjL~* jj^Jl Jy £--^j tlji — >-' 

. j'i)/! L>^ij ^1 Jv-j-ill oSl SajIjJI <j ljyw=> ^yb ^ -c^ — ~*y\i\ Oi — j 

if 

l*bfc 5JlJall b)y>«J . l * *i JjlJI ^Lpj c^wj-Iil y&*^- ^1p bb*Jpl ty^jJl U* d j*^ (J^^“ ^b J — i 

y ji . filial! ajjt dy { Js* J-^liil *uJlj l jXa J OL ^ **-Jl — *b J — 

,C jj*^Jl (— ■ 9 j^-b ^m/ 3 ll <j 5 jl**JJ 



A^IaxJI 

•* 

.* ^ 
l^ljb-l yyJ Jlit^ yoilij jl jC>wiy3 J ySlc y^J j . AjbLJl ^bu^fb £.biJj 

cJl! ji^ 4*^ j ^*Avaj ji (j; y>-^' 

Ajc^ jl^Jrl ^jb **/ai JLajJ JLiP .Jbuijl jj5"t Ib>-L^w* 

AjtvJl j J^SJ J cbk^JUj frl ^i»l J../3 AJ j c b> ^ y? *j £A <y yyy^A i j^j LJ&- • ~ a jy. — ^ 

.<JbJl ac ob: y j d Ji-S" i4Ul 

lK > 

U¥. ui*- 4 b/ 4 djt-*' <^flj£lU (j ^5b ^SsJl (ji-XiJl y olpUaIi 

^Ja-«Jl 4 j>-L^w* ^jb^^Jl Jjl^Jl Jby i*bA <kjtJ 



4-H.i.fcA.l i ‘ - - ^ b.* J ,bjyy$ 4x*v t^LLlX, b y*£ ^ J^kmA ^ S ^ 1 

*> 

<y j£^\ ^l^jl b«JS^ ^^JbbLlI ^jbu^Ji ijv ^|^?Lflil JjlJI b~*fCp <ju.*Jl l.. « vbi> j ’Cfc* yiJui,! ^ 

. jJJ' M <U^bajl oUij ZjjbJf CLjII l5 Lp Uajt Ax--Jl JUJju" .Ax--Jl cobjl UiT jJi\ J\. ; 

4Jjbiil C—jbj . 1 ^1 yiU <Jjbdl C-jb jL^j AjbbaJl C-ob ^y[j C^jltSl I J & ♦iC. 

5jlp 5JUaJI ^pbjai aJU aJjU c-j' y • jj j ^ ^jbJl o Aj a— ju ^Uri f.1 j ^U 

.ol y» 

yS d^lll 6*1 a -ijy^ ^lllbi cx d^b®JJ AJjbJl d— jb l)IS^ lil tbj___JaJ 

<# ^ ’ 

b>«-j>R»^ jJJb y*i j^' uy ^1 ^iJl ^ t-3\Jrl z\ yi>) ^ jA- J -UP Ajc^Jb 4jjli^ x (J- 4 ^ Ax***.n H 

J 5!yyi Aibb ^1 uy-ylli uy J jbJl ^ li! ^1 - A^lib a5U ^ ^b ^Ji JjbJl OlT \b\ ULp 

uy AJb j-^J^ is^Jaibi cJl5" bl bjail ii! J — 

v y^J cUUa-4 bfpjb /^-C V b*-Lo J caJLL* oUjjjby- bij .AijbJf o^lil J^U- ^y* jjjii d y £ 

. A-Jlili 5Jbbl ^y* A-spb-yaJl oUi^il ^y* 








AjluJ) 

.C~* 4J~Li ^j‘b ,JJbbl ^ jL (j jJj AjjUaj JL; P 

J/u Jjjc* \^JS' c4jcwJI O-itajl LJlS^ .4 jcwJ 1 ^ Lp J J %£. JL. ^ j~l JU \ j__Xj 

* * 

yS j \ P JL^jM jblJl jy 4 ^wmjJ| /jp jwJ ^A 4jCwJl fi~L >- j jl 

<j ^ <3 OUaij jf o^bj ^ y>r ) (A 1) j^\ 1 jL J jiJb tF UjUaipl j c jljU 1 <u~. ll Ji c 

(V 1) oJy 1 OjljbL* 0 (j j* ^y* U<ajl F 1 4jcwJ1 ^lZj .(V/S 1) iJljJb cJji 1 j\JSa 0 y a^Jl 

.(C 1) 1 ^ j\*Xaa AJ\j A i>«jJ 

#< ^ # 

^A \Jul& jj Jk ol*L>-j jj .F 1 <■«»■* A) ljj| (£ y .^JjIa dJj>-j jP ^IjL .. a3I 

JiJ pF 1 cF (lO^ 6 ) 0.000001 Ji*i |nF 1 <*- 01 .(pF) sljU (|iF) — Ctf/ 

.F 10' 12 j» ^F 0.000001 

(J* (jte* ^ 

e= <1 ^ ^ 

(J OJbr 4-JbtJl ac y (J .obaixil <jy jS JjJ> JpU- j j-js-j jjL_Jl J — • 

j^i <^JJi j c jjUl '-1* j_Jo ti^/j jy£jyt jjy U Ax-Jl j£LiJ ilrf 0L?-^i Jo. ». 

oijl-iJl (3 ^ j* Lj j£j bjl-i t g 2j jl 4jl* — al? 

. 4JLjJ| 






!il yilll Jp oLv=» y>xl\ C^Ujlail £*jz%j Lg^a*j Jp olii 

i_ a -^'\ ^jUI 4ju*> j ^ip 1 ^ +m.A j 1 «-i Obii — «,<•> ^ 

0 <-*5^ ^ll *a! 1 jLi ^ y* d«AP wL>r-^ lil tL*^*P . 6 wL>- ^ 1 P» -- 

(^1 4jt*w JLj JL>- JLp ^JJ ^ ^ U ^jA .d«-L>- ^J Lp 0^^^* (^1 

^ip J5" 0 ^ 0wL>- ^jb Cjjl j^r\ .iljli ^!^LJb jljli \a\-£ *)} . ^ j — j 

. 0wL>- 

y p iS C„ t... tCj tC2 tC] j*-j olj oUi^L* Sjlp- viJLjJ 4 — >1 »1 

:ijyi ^Ij>c--L) 1/C S-l£3l iit-Jl i— ' jii* •iX&JL .(6-15) 

1/C= 1/C, + 1/C 2 + 1/Cj + ... + l/c„ 

,a*L p < " l (^JUi 1/C ^ jl 5* -L^L C 4fcl£sJ! aa^-J1 **£ j£ 

(4-15) U**. 

i — SI ^ U .JJLJl J* C 2 =± 0.050 nFj C, = 0.10 nF J—*j { 

?U^JI 




V jUaLl jUl Jy JbjU : y* J*aail 



Cl C 2 C 3 

r" 1 ' — 11 — '* 



c 




jiiB ^^Jc. j CjLajLLJl ^ <a>1 La£ (J**L*ull Cilx mil ^ *y\ C ^6 1 5) (j£u»U 

(4-15) J* 

A/C 2 = 20 pF -1 ; 1/C, = 10 pF -1 ^ .j^l U.UJI U^l flJbw-l, 

JL^I ^ ls^ <c»l-b*ju*l UjlpCmj ^*^3 y c^* -4 jj^jlll <— — 3) 

4jti.l;)lj .^4 * .« t l l/U«> ^l.-^'^/l 

l/c = i0pF~' + 20pF' = 30 pF 1 
C = l/30pF _1 = 0.033 pF 



(5-15) *i— 

?sJS3l 2U.JI y U . JJLJI JU- pF 100 J pFO.OOlO U»Lu-» {Jt£U J~*j f 

:(5 — 15) J* 

jJj&L lit .pF 0.000100 jL J pF 100 .t«~*_Jfc oLb- j— II Jl r — ill 

- 1/C,=1000 pF 1 jm jl ,C 2 =0.000100 pFj C, =0.0010 pF jl Jj — 5Jt 

:*^L ,1/C 2 = 10,000 pF-'j 

l/C=1000pF _1 + 10,000 pF“'= 11,000 pF' 1 

C=0.000091 pF 

s> 

.pF 91 Jj^il l£,jj iJjJl 0| 

<j dJUi f .iljli y )JJo iljli jLi^l ijLLJl aJL*AI <j Oi^»l 

4ipL^« UJiip ^il ^ JSLdl 1 Jl4 0 j£ J L*Jlp Jo** ajLS* b yisP 5JL» t^dbU U5” 

jj jJdf ^lJb^L-\j OL^-Nl Je*{ d tV *JU-l aJL-j:. 4y«U-l o^l .obL-JO jJju" 

bl ^JiJl Vj 1 ? tit 4-y“bM 4 JN 1 aOsI-m-j 44«*lJbtL^l (_£ j>-\ Od>-l (jj 

+ 0 H 0 t 

<u>JaJl c - *'<?&'>- jJ 0 c^**w lilj i*3?L>- s-^ y* bJp 1-^^t 

.(0.1>-lj 4_J y*) 10 OjlJLi* 



cjiikj) 

a * * 

.((7-15) JSCjJl) f Js> oUaj^>*Jl j ol» jUil ^onJ U5" ^ yd I ^Js- oUiS^il 








^jA £~b£ d jA ,tS^~ ^Lp ^_a£ ^ 4j jb^* 4« l^Jl . ll l ) y . < Xj 4(_£l 

. L^-L*1 ^j 4 JL—J.I (3 




. (JjjaLaull ^JLc. cijbaj^auil j| CjLqjILoI! ^ L*£ ^ic. :(7“15) 3^"* ^ 



(6-15) 'du*A 

j t c 2 =0.0100 ^Fj <C,=0.100 nF l^-ij j^>LJ J__^_, f 

?c U&! *uJl cs jLj liL. .C 3 =0.00100 nF 

(6-15) J* 

J* <*~Jl ibT s-^. C=0.100 ^F+ 0.0100 |xF+ 0.00100 ^F= 0.11100 ^F L_^l 

.l*U (.lijl ;U*~ 0^ tC= 0.111 \x¥ JSLiJl 



hyuA 

t a t % f 

I-Lj ^L*-Ju 5^ bajl 4j^L«bi bpLall ^Jlc jjl+* aJj^LL* 4 . , . I pU JL I 

<ub j ^SCil dbr^/L ^UbJ! ^jiUjo 4«bj SI pLaII \Xj ^Jl jjbail 4jajaj ^a 

c 4<bj aJLpLaII £A 4jjJtbl aIpLaII £~\jl£> AiP . ((8— 1 5) bib 4-» *j)}\ 

*. •. t. * 

4 y&r jA ^lJLp4 4J *A j 4 jAt^sS 1 Qj^^" 4-JL.v ^IJLp! ^jA ^ 4^*^l 4^blS"* 4*A*A^~\ ^i*AP jl 

dc j Cjli^l) 

# j ** - 

L-*U tdc U^bj bl .lib b- j-i US’* VJ^ u*Jj* a ^ J^ 1 

a 

%Jl^\ ^ jL Jcp .Ldt> ^fT j^Jla b r /s' r^>- ilJb j jLiil o^bf bb" jl 






J jLiil ^ C4«bMjaj <3 tl)L»>T-»4.»>i<a)l L*AiP^ CjbJl ItaLft ^y7 4>»JJ 4 

^ oljl j-iJt b* jj&> 4)aA) (Jl tdjJlijl -b>r jl 4jjlJaJ^ ^ ^bjl b! 

cr 1 ^' j' ^ *^p*0 djAiJl S"" lil i\j\. 54-1 

a * * * * t 

c^»^9r I jS* O jSj VaXS* . Ibfc Cjj J 1 f . ^ A J - “ ■* 

.^/6 ^jLJl jL^/ a}\^: 4JU4 a J-A b j*j j \^^j ij^^i JjbJl 





jbdl J-sJl J Jbjil : jJLp J^aill 



C& U jl ‘f J W* vJ ‘f J 



-8 -6 -4 -2 0 

tAjjJLuJI jl^Lal Ajl^j V jl i a* 4 Jc,Iaa1I Jluj j^-^u :^8~15) J^u*H 

.hJ 4uak _^a <aj 5 i— il J AjjxjloJI aIpHaII jjj£j (jl ^ (j^J 

^j^Jl JjUil jLpI OjS\j jl $.lji>l ^jIj ^ gbvJl Jjbil &jr*H <^il oLai^il J 

J-*' - 'jjJ* S* " ? " ** " S.*&y» 

jt jj^ll } \ ISLUT i_Jls^JI ^1 J jUJl oli olikil <J I J jUJt jUV 0 — j 

A^ljcil JL^_?r *■ ** -^- Jl ^ j-I JUj jbxLI j^^il Jaj b *--**-* t^JjLuJl J J j — ^ jl J buii 

.O^bM oJLa (3 ^*Jj . ^b^j-^l ^pj-Sil ^j*)\Jl 



acj 






jp ac ■>;> j jwJ jJL^j: <jl .ac Jl dc j> ^a^IU J^jil 3 j-UJl ->jp ^ J f ^1 ^ppil 

o-\p ajL^JI ( 3 j t jj p* o Ap ^* c jJ pkl ob* ^JlJ <^5 Jl cjIjj pt> 0 -Ip ^JLj 4 jai/Pci* 4plJjjl 

* JJ * 

.3jpdJ <Lj2jiJl j^JJl ^l^Jlj'yi 0j-XiJl $ jjA J^J*- TTjl fl .. /g ll ju J-gJ-l £-l> t4j|j-Jl J 
^ I ^Jjjl jl5”" bl^ OjQW? 0->l5^ b| 4P^—J i A«/J ll ^p*j»< ,4 a— -J l ^p AmuS* 1 A./3 H 4P ^ ... -o.^ 

S *^ <s ~ s ' * s ' 

Cr ^ ^ j £ ^ J ! ac :> JJ > . LjI jP ^: N J — >oj — 5 ^ 

J5" £* U5j 4i>wJl t_lJJLC y .4jJaj l Ay3 il 4Pj-4k^ £-*.*&.’) . ^ J jil 4-JaJ ^Ju J-3 ^sjl-A-va il 

.5jJ3 

yiJl J j^JiSh ^yij (^JJl jlJl £*£ AlS^iv* gjli^il JL$Jr! (jL*J caJUJI ac J j 

uT* oUj^^l (.gjidl I-Lj_j AI^3 jLxll J l3 j-^^-Ij ^jl a -/^ I' i-Lj 

l 3 ^aljlj A./all APj-«-^ l-UJ pil ^LaJjIj .A-^-jil Aj*t.»A,yajl (j L^>c^3jj aJI.^ It 4j>»^A-/2__jl 

P ^ P P 

~/^>w ^^*231 AJ*r jil LH Ji ll O^Ljj CJ bl lj^-1 . 0 j j*#** 0jl-\5^ j tf 1 j 

L)U>r^./gll C-jlS’" jJ 1-4 oir ^ji i jjJ aJL J aJL L^* j Jl jLiil yC. j Ssil aJ 

.jg yy&JLA 

, * 

^j*>Laj .c-j jbill jldli 1 g .>. <3 ll 4 Pj**^ L^-*-Laj A-j?jljt«JJ aj J) 4_— LpLaII 

( j>* 'b/wb aJLx p-ji b-'^Uav?! Ui JLL-mJ . A^jlillj A^jaj ^>rjjl Alplilb" L*tc Aj jJI— J l aJLpUL' 

jp ty^c ^P Jlj Aw?Ij J l £^<aj! J b> jLio ^Ji j tAj jJL«J| aJLpLaII A^k_J ^plj jl .Ap- y* yS —I 

pi I UJULP jl/j I g ., /in. i I y» A-j Jj A^»->«-j> ^jli^all j J bJLLP) j A«,^all y * <C»- • 

*fj jp J f J jp ^-Ip Jl ^jSfl jp Ul^ b Op ^ p-i Jl ( 1 - 1 ^- Ixi; y. 



OLJ j :^bJl ^j\J\ 




ill] 



• * > i 

0»*bj ^tsLiii^-Lj 1 A^Jb» 0*>b AjycuJl aIpLaIJ Tr^ * *j2.) . yll jjCO Aj ^jlu-JI aIpLaLI jpjCL 

aJpULI aIU*- (3 U. aj ^jl4^JI aJpLaII aIL?- <3 b jl yil &^Ly_j J* a*J1 *m 

aJ^Jj AjyJl aJp U ll y jb-^1 Ja*> j y> --^ J$*\ (V^y) £-yJ ^ — llj t<ba — J yJl 
Xq jl jl ( ^ylij£lj ^bjJ Xq 0} <J yl*^ J,U)Ijj .£* ^JaJl OjLM y A — ftJJail L^I — <k-J 

.AjIjJI *Ua aJU^]I Jf c p-JL 01 J-s<a*S/l y jJl o^bj* ^yjbJLJ 

J, -» 

^l<-b*l ^c jb ^ 1 ^*X. .^^*-*<*31 aIpLa^JU ol (3 g»L*j AjycuJl aJpLaLI c_3 j -^ - i 

. L4 A-^Lji-1 yjUoJj AP^*^ — jjLyaJl ^y AjJbJl ^ yi l 3^ 

ili-liil 0 issuiJb oljlilb c i_ji5lLl Aju* C-jJaP-lj j 3 jib y -bfJ rl JjJ— J« JJj j bcl I jj 

b jjuJl 



>-l 



X c = -1/(2 ji/C) = -(ZnfCy' ~ - (6.2832/C) 
lil b! /Ju ,((^F) jljlij^Llb buJlj (MHz) y /> bulb y\\ jlT lit bwJl j* Ut 

yJl Jp Uajl AiwaJl jtlalL* .*y j jJb y *ly l ajcuJI j jl Jl jl T 

*\ jb ^Lll IjuI <j j N jS tcyUu-^l yJ j J t(mF) ^1 jb j (kHz) y y y-__£Jb 3 jj — ill 

(3 |-lF 1,000 b&l>u->» c^Lai^» J y L* Ij^lJ An*** j^ljb ^l*ll jl . LJL*p 

. { jU±\ (UJI J S^y^il AJby^Jl (J*iH 

f H yU £jb^ 3f c CJf" j bl Ail ^RJ U fcj Jl * Lvm SCp Aj ll A lpUil jJd j 

yjau .y-vO Jl jl yll jj^o L*JUP "aJL-JI AjI^^ yb" Ll U & jlj 

.y-v-aJl ^y ajcuJI c-^ 1 y51 JUP aJU-JI AjL 4^J ^^yxiLl I Jla uts"”j (J A*— — U ^b — ^ Xq — * 

* 

a Jl A A^^Jl olyjll (9-15) J^-iJl .ajluJI £* j i^yll L-^p aJLJI X c b_ 



(7-15) ^Lm 

?aj yJl aIpULI ^ b .MHz 1.00 ^ yJl JUp ^iF 0.00100 a^J 

(7-15) > 

iljbj^Lilj 03J3i oliLjl oSl o yb* jJD-b fbJl Jjb^c .ilJLp^l yyj Aj^y ll j*JbxI_w-l 

• (cAi^b) Jjy bullj (^IjLaJl y ty jj*L» y Jyf) 

X c = -1/(6.2832 x 1.00 x 0.00100) = -1/(0.0062832) = -159 Q 

fbjl Aj^b bJLi* oULJl dSl a*U (*bjl a j*>\j j — jjJlJL ^ J *Jl 1J — * ^ b j 

. Jaii 




uJjUsLl jLsll Jj?*- JU jit : jJUp J^oaH 







4jlud]1 

. c.jIUmII lixuflc- j AjljuJI lomSc- aIc-UaII ^ u*il uj :(9“15) J&A11 



(8-15) *1— 

5 * y* .yll 1^1 (_jl $ j ^ ^ /-3 t 3 ' (il ^jln. ...I' 4j JIU*Jl 4ltUil 0 j^.' * y ^ 

?dc s'jy ^gJrl 



(8-15) Ja. 

^«Al) flail J yw? ^jip i4i~*ail J dOP^I Cw? b! t<JbU aO* j 

J^AJ 03 dc 5j jUaj J-^3j y* M c^LaA-I j tysJj .43 yc- jiP yj^> 

. 4-JLw-JI 4jL^*^J 1 t4-JL«jdl t — 3 \ <3 tlO?!- dj^*S”" 4 -JLw- 3 dob 4 LpLill J! 

yJL* dc Ajta L. ft 5^ 1' 01 01 1 *T 

(9-15) aI— 

L. .MHz 10.0 J-i ^jf -100 ^jL-J Siplii Of ^ yi\ 

(9-15) Ja. 

aJ»4 10 j1 C 4*^3 ^JA-I C-l yr|j c 4m. -/all Jj ■ilOp'bM ^yaj jxl) <0L*Jj dJLA ^b £- 

\ 

:ibuU 



-100 = -(6.2832 X 10.0 X C)" 1 



1 = (628.32 x 10.0 x Q' 1 



:-100 ^ ..,.< d lj 







«B» 

\C 4a— J b i-3 Jb J5 - " j^oj 

C = (628.32 x 10.0)’ 1 
= 6283.2'' 

V-'J-' C = 1/6283.2 ^-£11 i-Lp *1 .yvU .5^ il_*w ^LJi J_>- iL_i^r 

ol jl» jjS^lLlj SjuJI «i* tjj" _y» UuIIj jj ji U .C = 0.00015915 ^ 

• C = 0.000159 pF Jl > _j-db jjjUjJt 11* j j-ull II* ; >- ^ .C = 0.00015915 pF ID 

.(1 pF = 0.000001 pF jt /'Jb-) ,C= 159 pF 01 J >S 01 UJ oKx. 

4— jflJ 41 pIa11 GjJlj (j* 4 ^Uii l_.-w.y9 1 4 j jA— Ji 4 jLpIaI| J^bcJi JllP C*>bU*J-i Oj 

OJ-ip t^liii .djy^S' ^jJaj c3 <^i*JLpS/i clJLiJLi^ tc-Oji-flll J^bcJi i^JLIp tJjS/i J 



01 .c_— lill J>p 0l£ll j 1 *aJj jl 4JLJI oijli^l 0 ±* JU*i J*-Jl . 4 JUJI oijLi^i <J! 
iipUil Oi ^aj 4-JL-Jl djLi^l j)J c£ J c/>LpU 1J Ji JaJi Jllp 4^U oijLi^l ai ft 

• ^OJ^- C— — ij 4 j jA— ' 



^ jiukAii ^jj ^ Jaiiiii 

^ UU ^ V — 1 J> •> ^ r— J 0 -*i 

.yiv? ilpUli 4jaii ^ft U^fUl]! 4]aij 0i .'LiJbU .iiJLP^i 4 -Jj y>di j 4 j ja-JI 

£jj aJU- 4— io J^Uo .ibu^/i 4 *jLj { jb jUaii-i 0 j^J t4j ja— w 4jLpbUj 4 ajIjL« Jip b£ J* SjU <J$ 

4j ji j vU~£j • Jf^»i<j 4 j ja— Ji *1 pUL1 £^IaO j 4^* j bill £^IaU J < j^-C ./?Z, ^ jl-*< Li 

* 

aJbl p*aJ! j tLiii 5^j— <a jUii .((10-15) J^iJl) RC aj j L^-lj UJ 5 <JU 

.JjL-Sli JI J UiNb 4-JUJi ^i al4b 4o JA— Ji 4liuii .Jyj>\ al4b 



Ji N i/? + jX(2 J^V-UJU 4a>»j 4>j\X» ^ ^Ji 4 j J- flAii oLwoUli Jl 6 jLU^i 

Xq JaJi djLii ^ Jai— ^ c/( — 5-5 Lp ^UJa]! c--I^o ^03 ,i^ — ji 4 - — Oj — Ssj 

^J-wJl jlJ?i 3 ^ J^Lj ^AoJri 

fjS>\ ji lUftj <J0 — 3 c^-UaJI i-bJi o!3 4 aj uj.i j 4^jl 3 t J j*b 5 *jUli c- Jl5" iii 

4jU$ 3 i-bi N uljij y0 + 3 i-^— Jj ^ft J0 — 3 Ob oJjj -J ./?C Ai j (3,0) ^1 : — Ji 
4JLSJVi Ji 7*0 4 jAi 5^ ji-OJ .b Jaj OUj^s^-y? Ob ^JoiJi Oblft — b*)|i ^ — Lp yO f-j Jrl 

.^bu^i ^bJ (j J-^AJ dbl Jlj CdjijJi 3 4lpbU £ Ju^>-^ 4>- jliii 
iUftj y*4 ~ 0 4jwbftASi 4 ajUJ. 1 0 i^i lXq = —4 £2 t J aJj c4i J+P 4j ja— j 4lpbU OJbjJ 015^ iii 

uJJ3j — y4 ^ ^r^Jj 0 4 jUS^ ^-$-L' j-* t /?C t (^ji— Al £_ — j j J (“4 ,0) 4jaJL — !l < j__jijj 

J^oJi J /?C c $y~l\ gj d LSj±\ J^Lii Uo% fc ^JJ y4 - Oj y0 - 3 A>UJl r -J £ . JL_^T*>U 

.(10-15) 




ojtsll jLs)l J y JUjil : jJLp 



0 2 4 6 8 




t > 

. R J , ^ jJjuiaII £J J A* _^ud^)A dJJb^o AjflJft^ Cjl j cjLa^Q (jn<aA (Joaj Jatflj :(10~15) 



* % 



Jl5^ bl c yLsoJl ^ ^ bl . Zj^y+all ZdSUi Jom aJLjO' o'j'JlJ' J oUtSlLl £y+J? 

y .A-Jlt* Aj^ J/* 0 jSv* ^jL J jlp ^ A>Sf Uuii? jLj ji*Xi- ^ tdc — i-' 

0 4 J *> # % 

. L*Lc (Jl>- c-A^^- 4 N ^xJ ^ cLj j-flj < ~j j-~5 4-1*1) oLaiSslI li j^ J ^ — J Jl>-j— j 



* * 

^JSL) Jor^j 43 ?*-iJIj . 1— jLj** f,L^a3 ^JxJuj O&Sl aUL— — j djyc^a Aj aLpLL* Ajj I j ^J l ^ U 

.aJUl* J*U; ^ 7 * 4 - 0j/0 - 3 01 .ac j 

.i?C «jb j ^Jl j^cj aLpUI' ^OcJ ,olu- |»-i o~J j co^pU>» ^ X c p-S O' 

.(yLyaJl ^ c->' Xq AjJLv Olya a) Jl*Jl y^\ ^ — o .aJUaaj j' ^i)l 

bj .(tfC c 5 gj J J? ^J>' jt yLaJ! jIjoV') X c aJL- oljj ji\ J* j£- — jj 

&jjb ^3 OOj^J 0 jL>- L(£ y*~*^*\ dtaipli aIpUII la«^ *«,* <. Jl ,^o 7 ^' 



.U "J^p" ^ j a~5"Lo* aJ 1j oL>w diii ^Ji ja olp j^5t ji Qlx>c-u w > aJL4-1 



/fZC 2 ujLmB 

>> 

'•A«to ^ +,S3 **M .(S^ a»jLa11 ^J az*~a J j!h ( Js> a A waj y>a jl 4lpUll ^|Jlc ^aS' U j'j 

. <*jLJJ J^*Lp U»j jaj ^ tL^voxj ^a Xqj cX l iR c^L^SsJ' 

RX ^jluull 

AjJ .SLiLJl o' jiiJl ^ X L v^lj aLpUII ^ a. jUiL A^liL' ^ j^Jwl p l jjl 

^ A*^La11j AjLOo* . Aj^-i*J' j'JbpSl' iS l 5 A»*oftJ ^1-pSf' ,.!■' 








jLj .AjOawJI iUpSfl iS y~~* 3 Ji-^Sfl ^~*Jl iS >^1 £jj 4~+ — A J * X c M J y%^\ A LpIaU j 

( A-lb*' ) Aj * ^1 (A-J^r^ 4 ) A**iO)j£ 01 OJ^IpIa!.! . AJb* j\P A,«. 6,6>- il-A plj l^jL. ^4^1 all 

.a-Lp^JI ;>lap^i 

<3 *3^*^ 3*^ <0* 3"^ ^ 4^1 j\P aJLJi a^IaII 01 y 3 ■ i 

o\U- 3 jLgXl 4-jj-s^j 01 OjU> AjI AjjUaJlS”* tdc £-* tO^flJO 

3 l^lp < J^Jtu aJL* jrvP A 4 j lii I Afc^i 0 jSa? t L j^Jj . djoCL 4 AUa* J* J ^ AI^jIa 4 OtS^j <_£ ^P*l 

.(11-15) 3 oOij (aIpIa* — A 4 jLa 4 ) rx ^^4mI/ , tl 



AtUi) AJUJI 

^aC. .aJU X c aIpULI jLipl J J^aif 5 ^3 0^1 cJU*>- J — i 0 J — $o" 0? A. 

^ U y*S* Lftj>rl y <P-£j C aJL^mJI ilUpty J A>- 3 X A^Oa j ^l)l A LpIaU ^IJC 4 1 1 if 

cjLJp y>% 1\ J-^j -Up A-liii j jl 



"aJL 



« ol 0> oLoi ^ll 




t 1 I ^ I 

^1 j^jJl 3 u^>l0aj y^llj oljt**Jl .a0j£ .MJptS" otApUil LPb 0 0 j w-JU^il 

y J\ .dc o jIa* ^jp j Uii£ 1-Uu ac aIpU^ jUil ^Js- <j* y \ p a *jU-JU 

.X^ Aj ^ a*31 aIpULI j Xl 4.«0j j>aJ1 aIpIaII ^IS"* 0*Lb ^.Qaj £X j-* aIpIaOJ ^l*Jl 

AjuLaaIS ^frbuAiA Jjullt 



«wJL- js* ^-ip 4^1 i? Oj^o of ti? + yX 4 ^Ua*31 ^UaJIj Z aa’I/ 4^1 ^j-ic 

AaJ-IS*” jl RX (£ y *+ **ll * .Q -iAi 3 a-X^r ilupl ^UP- 4^1 X O^^j 01 ^j... 

.At JL+Jl ZjlJ'Ij At-i^l aJjfc ^p JJ .(yO + 0) 1-Ull 3 J?Ia 0 

f * 

R a^Lij tbilj X i y u bj .1 a* U^jJu jl X jl aaLaJLI ^L*J^ eX- 

R ^a b^ .Uaul J jk>\ ^U-iJl 1 jS\ X L c-^w?lj bjU ^a> bl .^UuJl 3 ^bj U-up 
3 + jX ^Jl aJaaJIj ^3 . Ajjlj J^lal ^btUJl ^t-wA) 4 (aJL*>) Jj5^ X4; C^t-w^lj bjlj 

J?UlJl aJLfc ^1^:1 £ J :. .AipUil j A 4 jUil ^^Lp Aail jil i?UJl ( AAZ^ jjI Jj ^ j 44^ jl^il 

aPU bljj aJSpU 4 jjLi I ^ o U ^-AuJkl £^Ui Ul-P j Xj i? jjb^ I J! + jX aUaJI ^ a^au- * 

.aaLi^ 0?Ia ajip (1 1 — 15) 3^u^l y~ 

.UjjU Jp Ji^Sfl jf j\ jUJl J <»Ub Xj R JtzJ UJLP J,UJb ovi /i 

^yp OJ-l-i .AS'ySA olftjj jbj-*j /? + jX 3i j® + 0 <3 ^^^ ^LaUJIj R + jX aJaalU <P -XP 1 — 4 

.djljJl 3 a!p ba^lj A 4 jIaII bJLP AjuLJl.1 AaX 




uJjUdl jLsit J y- : j-tp 



*L 




•RX ^jOi-o-all L ^9 jaUfcj aJoaa S v>-x. ^ Aj-lflC- 1^1 1 - 15) ^JCl* ft 



AjuIaaII AaUxa^I ^LuB 



cry*- 4 ^^j*J 4jjLw«^ L* (1) jl jl^_?r 4 juL£ ol <l)L>-^n jztu J$ - -■— 



. — 600 j — 8 o oU> «/al oLJ j 1 *^-jj 4*)te 4 

jSLio aip j**iU jj^*i jr ^ jUSl ikXf' 0 ^ * ‘ |^ ^ * **J ' ^ 



l-ii jbl 



— § O JJ^- 4 Oli i AJ .43 ^<2 <U^ ji Oljubf li jJ,l L* j*£' oJ^T Ijl jw J 4 (JjSH 

A-j j3 jl 4j A jJLaP 4juL»-C. ^J-*kJtl! — 600 ~0i fljl-i j yO + 8 4j*A-flP 4jubf 4 J ^ jl 




ou Jj5 Styj 




a 

o-Ui bl ^_^LJ c4ajL*AI ^bfc-i J oL*>-Sn (3 0 ^Jb^.11 c^«x>ijj yO + 600 

b J)a j < j&j»'L£' y^L-io b] JLjJo*Sj dJli c 4 jAj ^ aJl dJU& M 4juL^i| n aJlfc dJ~l£ bl ^ Idc* bJLP 

•i^Y^ 4^ ^dJ.1 eJuAJ (j ^AUpisll ^jA ^ <5^’ dii*^ jj^J L>i jSsJL 

jl 7'0 + 8 (J,l <b-L£ 4 jJ-&P 4xjL£ ,1a w7 ^1 bj Z ~ 8 Q djUjJl jwwj" jl ^ ^ c 

(3 ol . o b — 8 aJj— Ip iLY tS y *~ — ^ Jm — 5 j i c^f jl - 0 jl jS + 0 

Z = 8 12 ^iJl ob iiJb>Jkl AjJijJl dUJLll ja J\J> ^ jJLp jl j .(12-15) J5Li^_Jl 

( 10 - 15 ) < 1^4 



.Z = 10 12 Uliftll l^u.J ^jaiiii ajJLap dUJb? ( *-w- yfil 



*L 




*c 



. 8 AjuLoa] 4 J^uj <»jail I (12 15) 




c-fjlsil jUJl J ^ Jbjlt : J-^ill 



(10-15) <1— J* 

ceJ * j*e ja ± .ylO — 0j c/0 + lOj cylO + 0 ‘^AJ ^S"ij jl — Si ^ — * 

. J' yi\ Jb- CA3 j^> A*^- j <.~43j** 

+ 6 2 Aj^l dJJij .10:8:6 ap^L^I c_-*«o aj jljJl ^Jli cJj> a^-jj jl — ^JL 

+ 8j c/8 — 6j cy8 + 6 bj^-d j^^> jl cdAJ^AJ ^IajTjJjLSI aj J aj L£l) .10 — 8 

* 

10 aj A jdJftil Aj -Lap cjUJbT Ji*J .y6 — 8 j c/6 

jfyl AjSLio Jb-I j ^jlp z\ jj\ jlp a^UU ajJuUJI A*jUil ^ JSLij iljL^i p-a (1 bl 

j! J l43j^> ol* j\jl* lil /p*J diii jl . aJ^Lv ^>UjU jP j jjO^O jv^JLL$il jb e/*' 

M A-^airfijdl - Z" Ji* aJpUj V oLiubr ^ 5^1 p j JUgii .jL& aJpUiSI jl a-L?*JI JaI j*Jl 

^1p L« Jb- Jl jJJ3 JLoJUj $ Ajujj Jj J A*^2A>«jdl AjuL*JJ ^ I jP ju J-s^U Ja^A- -br jJ V . AaAj jll — Z jl 
. l^jLlli 4xJb>Jl ji <L* jLzib jL^-'yi ymv (j aJpLaII aJU^-I A^jLki.1 ^p*AJ , j^Jadl 

CjIJlU .ip 5Jb ^jT J AJ j^xSvJl oljb J Aj J p y* A3 ll A i jUil ol ajUll jl 

.AwiL-^I j AjU$3l aJ L* j'yi L*Jii AaJ .a-^JllAI oLLjaiil J a*JLAI ^ 1$ l»l£y 

cTeach Yourself Electricity and Electronics J ^->^11 Lu J *>L^aj" o-U* aUy j — Sic 
4 c^Uj^SsJ^Ij i^Jujb J cuLjKJI — -Ji> j — .McGraw-Hill j — p jj U a — SI 

.oVUJVIj 




J^-io iLu-l AJti ^ o^r-l bl Ax-^Jl j .djj^jaJl JLP J^aiJl Ijjfc j ^yaJl Jl J P 

.vl^lli SjU j Aj^?!*^ I jl Ljp 4 

?^S" ’_ydl Ula aIpLJ l* .J^JLdl ^JLp pF - 300 oli£ aj^C cJU?j .1 

.fjt -100 (a) 

.(‘jl -300 (b) 
-900 (c) 

tubjJjtll p* -U jJk (d) 

’_yj| IJl* ajlw- ^ ytJl ^^Ip oJU?j pF - 300 ^UiSJ ij^J .2 

PF 100 (a) 

PF 300 (b) 

PF 900 (c) 










.I 4 I—J- ol« Jjji ^Lwi (d) 

^j\ 47 O'i ii J*0L^ 4j JL ajtJl AjuLkll 

JO + 47 (a) 
•7‘47 - 0 (b) 
7‘47 + 0 (c) 
747 + 47 (d) 

jl (J yJv* O' ^v* 7*30 + 25- O SjJLfljdl ^ 

J ^pLl* Oa^ -br_jJ (a) 

J 

. aj jji^i aIpUU (b) 
,<i ^ a-* jLL* a*;LJj (c) 
.dc (d) 

i. * 

of Oy «->y»ryj ^$5" aJ j^p ojIj 0 I 3 a-Iv? d^ll 

JjUiL a*— J i (a) 

. ^\ <Jjt*Jlj AjjLL* AjCmOI Jj Jj (b) 

y)l Jbjj (c) 

* J, 

.33 y)! Jaj^i (d) 
33 J <^5 C^- j cUdii ^ y£ bl 

• 1 $ «.»« > t, ji£’\ ./ al > (a) 

. <_3 LlW^I 4 jojI jt-iJLC. y -7) (b) 

, l. fl **3 < 1 1 1 ^ .■■■ yOl ) (C) 

•(V J' £-r^ (d) 

* ^ . W) ^ 

b^iaj aIpIaII 0j>j 4 <j^ j ^ x * 4 dc (3^ :^ 1 ‘-^' 

.aJU ajU N (a) 
. A-J>r y AjLi 'V (b) 

•>-* (c) 

^ip (d) 

|iF 100 l >? A3 A Jtw-j 30 (_£ jLw*J AJ OjLfil AjJLajJI AjuL^JlI Ajl^I 

.a~Ju J jU\ UjL (a) 
. ' . g ■ 1 ? « > a> O'a^Lio (b) 



8 




uJjUsM jLsJl J y Jbjll : 

. ju«5" VjCL* jl^*o (c) 

.U|Ul oNLU y (j\ (d) 

<pF -“33 c-A^ ^ ac ^ 'jJ .9 

.ac ^jLil jU! JjJ Jit J^-io a^U (a) 

.ac jW^' a^U. (b) 

.ac ^ jUiil jLdU Ai*jb? Jii; ^ (c) 

** 

Jju iS'j^ { Js- bUipi yA’J J ac AxjL/ ^ (d) 

JO + 500 wuil jL; .10 
.ai ^ ^.jU» (a) 

.A3 A^jaJ J^- aIpIjL# (b) 

. A3 y> Aj aIpUa (c) 

.0 j j v3 . A * Ojb (d) 





Jal jiJI ‘ ^ 

0 jlj^ J? j£j: J^h s\ja i jJi JjUI <Ju^J 7-ML2 — vs>l HI | 

*» jgJl* O ft JjJgjJi jjJj ^jA OU^ >X>rjl . Jil y J*0 L*j i ! :*jp - • ■&£&» 

OU J ^iSvJ^I ujLp ^jp djLp 4-j 4.^>fcjJl ,J>1 j^>- t -a 0 ip Jj^Jjj i olJ iiswJl 

4 3 iiL]l (Jwai V ^ JJ-aJl J-^aiJl I-Ia j jJUii— . ^ ^£t 




V *M 



ob p—n c^ 5 \j ^U: <^p p JfluJl n Jx^Jl ja olilij UJU* 

Jx*Jl olil Jlaj .JiUl ^Jwaj JjjuJJ Ji ( 1 - 16 ) 



* P -V 

— j ^ ^ ^ « S« ) P \s A- 1 I ^* yl* d^likl S^ J . b + ^ I i ^|^\-Sp* 0^ ^3’”*-/^^ *3 «l» « * »* 

o1j4'^Ij jiJdl ^Jaiwsj ^ 1^53 j tp^Ji al4N ol4lj J,liii ^jjJlll J$ oUj^SO^fl < j»4t„,v,i, l l 

1^3 ; ^ Ij 1^| ^Lsli\ ^3sJjsJ A-A ^J-sa«-Ls<ss-J 1 ^-lp 4-*^L<L*^ 4jjljaj . 4 J » ^ Il 

.((^-2-16) ^aJl) AjjUaJi (^^p f bl jiJco ^ (('-2-16) J^LiJl) UL» 

/ jA O^JJ-XJ' <-*> JJU < J^C C^A. tfj -1 ^ L*3l -J !<J,lill ij'yi Olll Ji j ^ ■■*} 

.i$jtL“ oL^Lj Jij jJi^|^^!;’^iidi ^Jb- 




. ^ > ^><QJ ^ *( 1 “ 16 ) 






<€E* 



0 ) 




:^L.Vl JUxiVI 

jii, jlull 



M 




jllxjVI 



■ ji^JI t> 



V*^ 1 



0>“-^ J-^Jr t (^ — 2 — 1 6) ( JSLiJl (j p—n 3i^j ^ 

£jl ^ ill! • £^ajl _ji) £zdt J&g -^Jrl 1-1* ^jP-b . jL — Jl jj — «J 

<1 bl .a^Jl l«i, £» Silit J* bU»l dUij V 1 Jl V 0.3 Jlj>- ^ ^L-Sll X^r 

J^i ,jj -'-jJr JiV' L? i^ 1 jjLw« p—n 3i^>J ^ J — £■> 

i_iUa_J 



JLLP . C-jLj jl)aj /yP djLp objj JlSl jlS"j ^ otajj.5 aJL*J 

jtiiJl Xfr>r c<U~ij oL4V1j p—n *-* j—j— jl J — 

£* ^ jiJl yS"t y jpjp J ^ .objjJlSl j£J v^' ^ ^ J — ^ 

>A^ 4r~ b^L—w* t ^lii -LgJ*- ol p — Yl *0 ^ 4« _~>r jJ 

e3 j^al 7 V t^*b»Sfl sl4^/b J,li* j£v-io M b&j jJ' 1«X4 aJj y p—Yl 0] ,yu^i\ 

.Jij Ujlp dc Uli 





- Jjl JUi? : ji* jjJLJt 

jLpJVI 

jsJcJ tp Ja^Ji ja i>\±\ 4-**Jb aJU n Ja^Jl ^y> <bl Ll j j >J Ujl p tp—n a! <3 

4 «.,b dll J^j J» LP . >X*?r ^jjLj .p j| n j+ 

jL^yi aJL>- J§ tp Ifl^. Jl < j^4 0.iLi3 4. r * Jb 4 *?r jA ft JsujJl ^jA olil jj5\J 

J^Lio 

*> 

t A*>r ^il Al>bJtJl db£b /J JsL^jJl ^jA d^lil <Zj\j j t jb^-l U .’ , P 
c-j jiillj (p Ja^Jl ^ d^lil (j) objjS^J^fl ^t : ^T .aU? jjl /^P 1*2 j! IJLkj tA-jbJl ai^wJI dl4b cp ^A ijl 

jLLz^ y I 4a,h:* lJ j+*£j tJiJl Albbl 0 Jjb ^JUJ .51^ ^Jl j'j*- <3 dJb vs*~a (p Ja^Jl j — 4 oil — Ll J) 

.LJ\j 5jjU 3^U5" jl ^J\jj^ JjUT 



Aluajll 

~b_C ^4 ^ 4 4 1 « ^ >. ) (_£ , ^**\^aJ| jb^-*Vl ^3 p /J Ab^>J j+J2 « T l)I 

JL^?!- ji-xi ^b*jUJl aJl^j Aa*- juw ,4-s^bbi a-U ^4 d3t_Al*-*}U jZS'jLaJl ^P-U . >■ 

*bjl LiT 1^1 J^Jrl *bjl UlS" bU^VI 4ik> ^y> yje J^pb! UU jL£V 1 

tAPj-^o L-J-iJ 4 a*- JiAr\ j £ jUil <jp J*l j' . jJW^l Aa*J| O^w?! LiS" j 4ijg;4 l>J— * 

* - j 

.aJ\a ]1 ob.S jd\ ^J,l b ^u, <s» wL^rl CjIj^aj 4 aw* 

^p-b .^JjajjL p — ft 4-*/3 C^UT Iajl> j»4 ^***^p jb ^-1 aJI^ j Ob^ b| 

s> 

.ji-5^ c 4-siaj4>*_d.l JUP ^io^aii Lj ^5 ^**^aJ 1 jb-^^ V/ jyh dJJi 

^^ajL^ajP ^ ^ 2 -^ (3- 16) ^W?jJ .olijj-dl jL^yi 

b*Lii^ j ^p5"lx4j jbi'i/i -tpr jj cJuaJ -^Jri jLj 

jbii 3^J>r Us ^U- yj j ob^j Ji ^y^au f .jLiV' jyb ^ J ^ju/-3 ^X>*ZU~ j #/ ^ 4 UV' 

4j j 4 

• dc 6 J-Uli oI^jj-* J^j oUjjO ^JL> 



.4jJ*ii 



^ w > 
j 1-LA/* 3jjw0l (^JUi ^Ja^: .aJU* ^Jc^io J?j C^-P J XA$ oU-b jLjdJ j* jJilf J> Jj~lft J J «kJ 

•dc J! ac Jiy^ 

A***fcJb b>-^4 b . ^ it UwLiP ^jblJi ^3*XZj C-^ Ayg.^,,11 A*wm*1\j bJbx b . g 1.1 UjLiP tb* j^.. o P 

^4 jJJU Jil J*>U- . J ^JLJi 1 jjb 3 jj jLU\l 3 A^USll } y^>r jyju .jbl]^ ^iiwUj M c-buixJU 

^jJ-Aj ^b”l uJLSi cJwaJ ^ ^5"l tijjujl cojj-b! ui 








bUip! dJLii j ac *jp y cJLJl ^a]\ /\ Jl ^ j£ ac <y *Ab 50 y 

, 3 ^^J^\Jl J^yOy 4_fiJ ^P 



u3J3y dlb ^Jb jUiil jLdJ (rf) ^ -i-5 j-* 4-**»*Jl SjLi^l joLti**! ^jjJill 

5* 

Jlllljj . 4.. /a„tf , > eJ to 4 aJLm^j 4jc*» l)^^j ijt t^lni l) . <^jlJU ^7/ jl ^Jj~LxZ If 

• y-^ dj y j »l4b jLxil j erf 3 f yuS ^4ai^o 

^-Lc J-JJj j >J j»wJ ^ j teat whisker ll jJI 4*11j c3 jIju^J ^ rf obj* a Jaju o\ 

^jA AS- y*/*A— OUjc« 5j jl) y»LC p ^33 L^i ^W3jJ tJiUl i^jL^aj *- * jC J flJ 

^Lc-aUaJ L^bjj~i> -k*Ji Ijjfe j-* oli^Cll v_> yj .(galena) 4^ -PbS y^U? J\ c-j y — S" 

L? ^ai' i>- JJ) j J i£"1 ^ .slpjlj j 4_fij Jail «Jl 4 JbuJU aLp jJl A*** jj* ya.:l ^JL^ai & J 

* ^ . * 0 ^ v 

C^by.5 /y dJJi Jp?: 4-3 j.^a «llj ^Uj Cj\-a y*S> J^*Jb d^byjJl y*I*-o t (^n — *>» 

.rf 3 «JL?r yiUjJl— 4ja.a.i 

jUM 




L * fli ^ Jjj-ll _)j, a aI 1 ^g.iakj^l) :(3“16) 



(Gunn) jlc- Cibjjj 

J=*i ^ t jlfJrl !3 a Jp Opr JjJaJ ^LP .(GaAs) J^jffjJt* <-S y Jl* SjjS £y 2 j 

J. Gunn of International Business Machines (IBM) Jl ^ t J/p ^6“ 

<L* jLalf ^pJJ A^p l3- jlyA'^l vl) 3 d y • £ jJ&tiaJl (^-Ul j 




JitjJt uiUflif : j-isp jObJt 



Jibii Jba*l J^-£o JiJ V cluJLu US'" j 44jSf blab*- L*Ijl>*i-> 1 jJJi ^ ■«; jJL^ I I 

f f * 

<J jUl ^ (,j>r aJI aaJL>- Jl aJUI ZajUII ji-io . JbU 

* 

.aJ\j j$£}\ pJiJl J j£Liu cbJb^ li UaiL* o^Ljj OIp 

(IMP ATT) *L fi ft *hj*i 

impact avalanche obi^Ji a*j±£ JJljf >J5" ("iM-pat" Jaihj) IMP ATT 

c jotd\ UJ> AiJaJl <ju-JaJL <->b£)l 1L* j L^ajI JjuiJ jJ .jbi^l ji\z jy* yj transit time 

yb JL$j jlpr y* (IMP ATT) Ob J <^\ S yS 01 . aJLJI Aa jliUU AjbSo« Aj\ A 1 a^-%* g.1^1 -^h 

# * 

. JL-Lwj jl ^ ^JUJl y ^Jb 0 j5JLw-*Jl y An ***# 7 <_£ ^>r j jlp ■ijjJb”' Aj JjSvjL» 

rtlb .a jOiJl 3bai*«-b* Aj j^STil Ajjpl J\ O 1 yJi+bJS* IMP ATT J>Lc 

" <= * * + * 

dj*X5 Lj jAj l ^ < w fl) A-^SsJl (**_-■> jbl* jbj bi djb) j * g +■ ^ J - «.wj> l * J. : C- IMPATT 

.A^Liil Ob.5 J&\ j 0U- :>jO ^Jl £ yLl 

4j£ii5l <jj|jj4»iJ) 

JJ j\ JIA^I ^Jl objj-Ol JA y] ^y y Jj-y-ifl 

* J 
.rf dj«-bsJl o A^.^ b ** ^^aaJI » ^sS'L^J 

a^Ju ySl\ (3*kb j . aj j jSClil Or jil j jSLio AjAaJI objjjJl 

£*2*^ ^\ Jbol 0j3 Aa*xyaii jbi.^1 O ^ AtjJ ‘(GaAs) f ^ 

Ajc*— *J yA,*ai)\ jl Jl y j 'b/l^ ^ jamJ oljLO] Jb^il jl u jP j^P y 

* . *> * * t , 

Js Vl j>>«-s2aii Vlt* J^--* S y*j ^-Lp j j «^- hi-fi jj ^ cj 



(IREDs j LEDs) p \ >oJt t^au OtiV) uj!j jjJj Au y*l\ cj)j 

y £ y/9 ^bj) C Apb^aJl cJ^bduS/ L5^ bU^—Pl 

ijjjJJ \& yj* OjiJi dbr^/bj jLJ jjj-* ^lp c(IR) A*-j»S/l ^bj| tO^J 

.AaIis^ 6-L*j Ay ya]\ C^>b^j«Ajl ji y f yA ^-P ^Jl y& (LED) f- ys&JJ AZ~&LJf 

Ax>*ji.l ( y i^jUAb ^K-JL} Ay- yA Jl^bL 43 LL? (IRED) f-iy>A-l d— 4- Ax-J^^U (Jj.&LJl J jjOjl 

.(NIR) Ay jjJl f.l^J-1 Axjttyb .^J jil £ ^aJJ 

diLjj -^bjj .^bS/l jbJl ^jip U Jb»- IRED ji LED y AiljaJl jl-b^»| dJLj< JUjjJ 

LED y Jlij J5 oIj j (_£\ i]b& 0^-i ^ jbJl j * i+ m\ lil .ajl ^c* bail J] tjL Ji 

.£ LtJ aJU- j aj| LaJllp IRED j? 




OUjjsStyj 1 I j t oUl 




p-n iiv» _>j IRED jt LED ^ JSLi ys <.(jjjJJl jjjjJU Usj! ^JJl v y_*/ 01 

# s ^ * * *■ t * 

.Lil5^ jJaU jtJl j^SsJ jl J? aJsjI JLa L>rl y*\ ^a^-1 j jJ jJL*2j . Lwv>J 6j\ r S' J -* 

^il aJaj \ 3 d! j^P ^1 ^*S/b 4 jjIjL* ^lj| Lgju^Aj C4-J jA 4jfljl^. ,..dl ^1 y /«S/I £-_ 



. <L*lj*Jl ^Jl^-l £, y*jd\ g ^njailJ 6j-L«^-Ll cLol-i^J Jill 

b^i Oj^ll ^Jl ©ilil 4Jzj*lZJ! ,<j£ jj J ijjjJ Oa^*^ UaJa^ (4~16) ^ yt 

«* 

^L*Jl jLjJl jL^Jrl ©Ujl^Jl ©jl j*&*> ly3ji 1 4^ ©<-Lft »gbwJl ^•>bw*l 4-mij 

jbidl) bi jil J ^3 .n JaAl <y> ©i 111 4jJziJ 4 JLU 1 II obLgdl j bi JL>r y .6jy*Ju j j3 I J ?T 

4*-iVl (3*^ ■ £ blS"* 4-k*^S^lp yA j\P^ ^JLlill ©I jJl! y£\J y ,\*J j?r 4-*-*5^lp ^jb l^Jl 

.Ljy?r bdl oT ^il l^J JL>s-l jIj ^Jl 4 jL$J| yA <lajl 3 d I 

A^j&JLutlt *Ljj*ia]t (lit 4 ijjJ^t 

<J 1 £ 3 * '^ ^ . 7 .^* 0 4-flj^laj t( — < ^^*'*' (3 y 

(£ J* y* J^Aj L y^^ A 4jl .^yy^aJl J jjjJi J^LiJ ^Jl p JaAl j-* ©ill! y n -laAl j — « ©^1 — il 

^ ©L4^b jL^Jr! ^Js* J^i •<•' jaJ-\ vl^- 4A-i<Sfl <Z~>\}yS jf <Jyja}\ C. A-j. — 

L$y y\ IR gl J^^~\ \JL^~ 4ji«JLi \ jl ^ jll £ y}s ) i 4juil (j b*AiP . 4j ^Lp ~b jyjX) jlAl 

- * 

A^jjjJi jl ^ jJL>- AiUaJl ©JLi ^a jLJi A -P~n ^ ^ 3 ^' (UV) alJ 

• J \yb\ j£\ <Jy^ 



+ dc 



P JaAill (3* &jLa 



Ajl^_ill al 




n In* ‘ill (3* a jLo 






- dc 



L^jj^ diaji ‘•3UI jjdl KmU . 4> ^ia a^ ^ j :(4“16) J^-uJl 





Jll juait ; jis. ^aUll J-asJI 



* 

^ ^ j-iaJi ^yUJl <j p~H A-U^ y OjJcil aJLjJl olS A$UaJl ^.jaJ y L*JL P 

A*jy^a3i 9 -X-jL* A-j A- jy^aJl Ojl^yUJl oJLa ^ yi-l jb 

iJUb .yU *UaiJl ^ Aj jjJUl oVUaJV! (J* j cJuUl ^ £yJl j US" A Ji*il - 

*> * 

tL-J a js-^3i AdU?j Aju* aJUJ| ob: yJl j .SyjJl dl <olj j >*«—!' 

t 

. Jj^il frjJaU yL~^*S^ -*J^y* cT^^IJ 

(PV) b>ij 4 £]» Lj^jJ 

j! IR y* A-jlS" AiUa «~aA> dc *aJ y aJ ol^yJl)) y 1 ya *j ^.Ja ,!«.*■ J 

J^P Ll>* yftj juLJL dJJi .U bs>liU p~n 0*}b* y UV jl y ^ll £y*a — ll 



dJJi ^iji .(( 5 — 16 ) ® JS-^ (PV) Ajy*^ *jf£jf j p~Yl aL^SjJI jja— » A>L^ 0 _^j 

A-ii -1 ^Uj .p Jx*jJl oli ^LLl y* Aiu* AdJaJl jjP Lfcjjy* Jbo aJL^s yllj A^jaT ^ll AiUaJ^ 4* ^ 

V Ujlp ij\) J ? ^cii ^Lil y^jJt A**t J bySJ Vdc 0.6 5 jl>-! yll *j 

* 

A ^hJ i PV A-is- jlbl y* ^*4a*3l A-w*^jt \a i jLj jLg-Pr aJ 

.p~n aL^ jJl a>U^ yLp 






A_iii*j* CjL*lc--i 




O + dc 



O - dc 



A-UAb A < 3 J J >1 



• (PF) Ayy-lay^ A. 1 , 1,-^.1 JaluXa yiJai* ^suui j I^ 5 ”' 16 ) 

aJU-I ob b J ySsJ^l a ^jy] ^yL'~AJLJLj o^LSCj^ PV tj'^- J y 

• ^***^4 1 ++ \Jf ^JLp ^ I 0 j »JUii Li aJ obyil ^jlif bUaJl 

12 ji 9 ji 6 ^y^- A-J^iyabl 4 L 4j jtJlJf ^Lp y L»UlP 









0 

«X^?r Ob ^^Lp bi-'-'J-d Aiy/ 5 jll PV b^b>- ^y* j£\ jl j^uLL#^ (JC& y*£: ^j-^J -U— —P .V dC 

^L»j e^-Ui; .jLJl ja JUji\ pJLj ^^Lp Syii ^^dJl aj jUaJl ^vaJ y$ 0 j c^bj j ^ ^ i-l 






£- — 4 b j — b jL — ill 



r 



JL 



. ^ylJl ^JLp Aiy^ y 4 C^bpyA^rl 

(l — 16 ) 

?V-13.8 W ijjUay *LiJ^ L^bd ^Jl PV b^U j>Op y> U 

( 1 - 16 ) J* 

j^SLL^- PV aJ>- £yJ . 3ygJrl £y*«J CL~£ J— L^l ^ — Lp PV l J «^J ^ 

13.8/0.6 s-^ ^ jUay y* dc V 13.8 dUbJ .Lj^iJ V dc 0.6 

. LJLJl Jlp PV aJL>- 23 



<yUj jjiuijUjSD 



^J>-b dUd flyJl yx*. • £* 

uy H ia^jjl y» Aid? 



y* Ui^Li? btt 



. U fr d » > £* W y^ y 
»~*ll . - 22 L • %. * jl tYl la** Jl y« 






Jadti* 



jLj 



'jitjdJ 



uy p ja Aid? £v?j :yd; j — W 

.p Ja^Jl 



PNPj NPN 

i on 

oljak>dl J bLUJ fJb*iwdl y ^Jlj tfp/? ^,yy y/y/ Oa — y* I C*j ( 6 ~ 16 ) jNd — ll £- — dy 

y* H Ja^Jl y* ^J^Jl J 5 U )1 cJwaj 0 j£o . SU^LaJl ^ii j! p Ja^Jl y* AidaJl j£d — 7 .^ — IsuJa^Jl 
0b>-S/l yt*? (J l$d A..b Ja>fci]l o Uaja^dl <J jLio .ya^jS/J ^JibJl idwaJ ^ — l^tdi Oj — td pL — // 
pnp jji^jjtjdJ b\ .(^Ul y> p-fr-Jl) W! >*j js-i— 0 — ‘ C -J ‘ £ J ‘ s jr’d^ 

.« Ja^Jl iAjai\ - Oj-I ^yLf- iiJs JT «i->- t /7 JuLi? (( J )j (^) f'— — »Vt) 

. J! pnp yj yj J ,H-~!' ^»vdj •£ j^ 1 - 1 Jl npn >*j j 

n 

dj^i y& UyLjj Jip- jjl J yj^ ,AJbUi>* oLf jL 4 j L* ^p pnp oi jy — - y £jki~. — J 

J /?«p «/7« Ju*w<l o UmJ a ll! ^ .ol jljl oUWj i J ^Jrl 

^ J, * 

yajL^P 4^, JlT bl J^aJL SjIjlJI yJL^- J cSjJOJ! 3 jy yai ^ 

j jt rf olJk-di j l^aju .A^JaiJl 2 LfbJ ol j y^ yl JL Jl y* — 4 ^\ j — )\ j — 7 

aJUJI SjJiSJl A^rbcj ^Jai^o .(af) y)l <j A^-y y-^l L^da>H j ^oiy^Ll 

:o y)l a jldl Lfd*j j chi— fl j' A-^oL-^Ul Ajy^i y)l ob: ; — Jl jL-^-jl d — p 

£y*aJ ^ .ob/dll oL bd 4 (jj c (j y j ^wdJ aJL>L*JI oLodall J5 cAjLxd — Jl ^yol j Jl 

.OjLi^l AJrbl A >r ja y-Nl l frjojuj ^(^’1 y) 




Jil jJl OUii : ^jUi 






npn jjljjjljil ^■lajlnVi 3* j npn jji-u jjl jjl a :(6~16) Jiill 

.(j) pnp jjjujjl J&l ^lij l nVl >»J t(^) pnp jjiuijiljjl 



NPN jUaJl 

J ^ 

LJl j O^^J .A-*Jsr*-ll ^ jiS*3 LiLw c^-P-bi! 0_^J 01 y 4_fij ^jaJl 

^ r * *» * t * 

.dc -^Jri ijji jil L-JoiJl Jl j> Ljy jl ' yb^» to^bbl j 

. W>- V 50 Ji V 3 ^ 2U*M ^ C ji yff ^ jUaJl y (7- 1 6) 

jf iig <J jiy CdJLPUJl jL^l JLpr JUI*j jy^yl pt j jLOl J*Jb j*J "ySo^" oJLpUU jLio 

. K c y E c <d yy, - c^pL> jbpi K B 



jbaJVi 

liyoi'" O^So b«JLP jl y* OJLPUJI 0 ySj ^ b«JULP jL£ ^ iJ W jy^yl^Jl Oj So 

0? 5^J jlJ ^ySLc v t( cutoff) ^Jb J* IjLfc .C^pLJI 0 j b jL~ * 

V~Jb .^L.S/1 £*« ^Ap b jL~ 4 jUty j£j jl iil p-B yjl y_P Jku-^ 

• V 0.3 f ybb« ysrJA j*IaJ1 J^j>t OySoj tV 0.6 -bgJ>r OySo 0 ySs.A r -.lJ 
yp E—B aJL/ 3 jji 0 ^SvJ j tlyb/? (E-B) oJipU-v^pb jLj 03 /g jLOi OySo 

0 ySj jl <—*£. .£-*£> y^ ji-*0 oJ-pbaJl J$ OjLil (j^ 3 ^ ^ 13} 05 {j* oAJ3 ^JLC . 4J U9 y 

wL^- Jp c^OUilJ 4^bT b^i^J 0 jSj jt ^jj- 5 b/* ^0^" b5 y* 









(^ O 



•npn jjijijjl Jfi JtpjVl :( 7 ~ 16 ) J&a* 3 ) 




mA 




^ - -<« ft JbaJVt 

<Z~£ "(AA" l-jJI jliil iJaiJl npn J . jjl y sOPli Jl ^ yA «j jl]aj . J*»j f < — ii — :»' 
llP^ . L.Js^ E—B aL^> J jb^-V oJjjJrl AjjUaJl aA> AiL^J ^ .C~pLlj A-^jJb aJL> aAptiJt 0 

.iJ-i? Alp J jUV Jl P Apr C. — J ®Oj jJrl Aj jUaJl aAA jt ^ yij 

A»pr JLp •*- JjcdLij C^wms^aJI >w ,. *«.*> 1 1 AjjUaj A^.?;- JLp c-JaiU djLil j — *>■ ^ — £ 

AjL/ 3 jJl J-illj AjUS" AjjUaJl dA^ Ap- jll A^A-1 (j j£j t)l <p£ <-E~B Alp jJ ^ *1*^1 

-l*U£ SjjaJI j Ip > i, * jjaJI ^ .SjjaJI ja *j* j E-B 



dAji jl* J A-pfcs^l* ol y~A. fuj! j cd-pbil A* Jb Ljb£l ajl>*A* ^ Jp 

U&J -jW> yi ^ tg-*b.ty ‘bp*- <j> *bpr Ob" bl jL^yi AiJ -b £jAJ 

. jLjl JJLj £*— 5 bls4> jji oli t^b»Sfl Apr ApM UAip 

t(£— (7) £-*■=*«> ijAPb jlA jA. AjI c b **> ^ P (2?— C) £-*-=*■-*— a ApI» aJpj jb^-1 p-PjJl (^ 5 — ^P 
Sjbi^fl J 5 js^l S^bjJl .£-5 aIpj Jjb- Ualp t/ c aJ J ( J^JfjLj UIp jUI Iaa ^ju 

AjJ ,/ c jLjl J d^b j t/ B dAPUJl jlJ 3 «jbw» 5*5bjJ boil tdAplftJl j Ap- jil A- Jail ol: 

> A <)j AaJulH Lj j t p« >M yi 1 ^ *)^ « ^bl> lAjii 



^UAV! 

Ijop! (J ju~j .J5I 4P^-o UA^P I c jLlil Ajai Jl AjlpJl j Jva3 c/ fi jLlll ^bb'jl y^\ bl 

cA <lfL& ( 8 - 16 ) J^aJ! fj ^ J\ ( j^ 2 jL^j>- l ^-^* jf /g aJ^Aj / c £_ — jb 




Jil jJl «Ju;t : 



jyL^y\ j?}\ ^y <> ^Lp j^iJ p-Ul A«J> * J . ^jL*> j y - jJ i ■>- 

0^ .U*L^ SjLi.'yi oljji-jJly j j ^1 

p^*waJ ^1 p 4jj-ii jy~*y\ ALL J? jj-iJi dJL* ^ — J l*A; — p £ L — A/ 5 — Jl>- j 

^JjAjlJl t_3l J u^S/ jJl gj ) a . I >** i c^^SsJj .4-jUL C->ljlA^fl 










PNP jUJI 

yfc US" c«/?« jy^j^ «JLi- dT ^ ojLp pnp jy~*y 1 jdJ jL^/l *Jl>- J j — S j 

4.JU AjaJali 5jLS#Y^ 4 « ; )a» l)j^j <Jt . OjAoJl <OjJ^* 4^)? + ^<^xJ . (9 — 16) y* 

.E-B 4-U^ jJJ c-JLiiiJ t_3lS" 

* 

jLJ j d jUvaH ol ijisJl iS*y> ."jU LL>*S"" pnp y\ npn jijy-~*j>\ j&\ j* <j\ fA£ ot j — So 

£ * 

A ■ y>- ( j<2j\u<aJ-\ A^JaJkl lIAJj (3 jLgj^-l ^«-P J j*p Jq j U dj^*S" oL.JJLJ /g oJi pLaJl 

* 

(.npn jl 4 >r £* ijjli* pnp J Ub£ ^I^IaJI <^jAJl ^LaJI Ulj .jIa^/I AjJla JJ.I jj £L> 

.ci^^/L^-l jvJLc* J5 cUUxJl UsIaa^I 3 1 2i lU *r a <u^rjUM y}\ 




oLijjsStyj kiidtj oUi 

«• 



o 




•pnp j_>luijjljSll jUajVI :(9~16) Jiifl 











/ C 3 O’-’Ji I ft 3 ' jjJL^ 1 j**J 0 jl J**J' jyojjl 

* 

5jLi*^ jld <_£l £-» 0^JU4 L* aJ ^ JL> <_£A>» ^y?- jj-Jdll ^jSCx jL^I j^Svj 

.(jji^l) ^^L^boJl jl (jTLJl) ^bli^J! J^-aJl 

OSUJj jlult ^wbj 

jy~* y I yiii J>Ia£. «uJsLJtjl ^JLu jj^y ^ 3 c£*^' vfl * J*b* ^P-b 

3JLj Jail Jb bUlpI blbj col jii o\jU jj o' J* ^baj J*U^* bo ^j'yo jl j — Ss-C .L — -o 

^p 3 J* l^-^ 1 j5"UJ' jLd! Jjj^ j[yXJ .jyoyl yJl £^a — " l — * l£j — *• 

^ ^ t * * A t 

.’oapliil jLj Jl jLJ 4 ^**j Ji*o ,j ^fe ^ (3-^ J 6 ^ri j_^*-^y 'yi' 

^FE = /c^ B 

,, , , * 

//pe = Ob cmA 35 fij'aX. / c jb mA 1 ®JaJL« / B «apb jb 131 cOb — « 

.// FE = 35/0.5 = 70 Ob c/ c = 35 mAj I B = 0.5 mA OlT bj .35/1 = 35 



^io4lLiit jLult Jaj 

jbwaJ' ajijlil J jbil Jl Iq jb5' (3 3 bw*J uLb- jbli! JbJj>tll Jail 

*> 

jL,^:>-' o Jill .^Li// baO <_£aJij (,^S^LjjJI jLdt aJ| .ajjoI <_£JJ| I b jLOl 3 

com ydi iaJ> .La * j tbj . J\ oJloJl J (A) o j^-\j J oULS" 

A / C /A / B - jUi j 

Ob tb^ajLA . a_a ^ I ^yaJba^i-1 L*wLlp ^^*s_ L* A/^/A/g O^^j 





Jit jii\ J>Uit : ^oUJl 



. AjaiJl jjh j$ ^j^LoAl ^+«jLoi > l j--* <j-* Ajajsj (3 A/ c /AI b a**o!1 

U £j jl Oj^J ^^>0 J-* jjlil S-jJrl <3 JjU-jjl jdl J — & b»*U P 

jy~» y\ j£\ jl ,/jj ,j ^FE Cf* ^^aJI OwLa j^ .Qj^a j>-jJl OjLil 0-*li L* _^C 

oi> j | » ^ Ojbp jSf dJJij 1-Xx Aj j* JxJJl OjLM J — & ^ lil ^ — kx 



t j^--dl djLi^f j.1 j^oU j-A^fl Ax— «j ^ ^j-1 d J^ , *V j 1 *! j^oJl jl ^ju 1-i^j . <ujkdl 

. j^-jJl A*** £jA j}S^l T" J^”l A*— jl ^Lo^b 

J 4 jbdl J (jA^Ui < ‘^ j 0 j \ ., ^^ 1 (J^XO ^j- 4 ^-A^-^ll j^P jl jl j**U<jl j g A) Axl jl ijX-C. 
jl j^O»jjl Oil— j Aj liS”" Aj j jxUjl OjLil OjIS^ li^ A^—j p^jJl 0>.J3~ jl . jjstx V p-X-A Ll 

.5 jLi^l o jji ^ pjx ^1 *LjI (j^xjdl j-* ^jax^l $.jJrl 

\Jjl\ £LJjll 



^jP jljJJW jljjLP Ux Jj . A««)a jl ^jUj jjl-vjjl j (^1 (3 jA3ij OjL^^fl ii y OibjJ jl ^JiXAStx^l 

.ii jJl aJ^JU £J jl 

? 

a-* jUl p j ^sa> gj-Ul ii i^dl y> c/^ 1 jLa^-Ij t(gain bandwidth product) j jl 

D/J_, 4j Lj ^jj jj^jjl jjJ Ajl AiLix ^xj jJJi jl ci-pUl (1) ou^-^ll Lijt-* — * 

i^^xll Lift yJaaft 33 jl jl . aJII^ ^J^juiJI Js? yj** <-H— »tS^ ^j ^>- t^>-uJl jt*J Aju-wJ AAjlja^* ^ j^”l jt*T --» 
^aJai-J .(1,000 Hz) 1kHz >J1 -up Ai*J ^ (Ajlib 70.7 (^1) 0.707 jUd! jhj v jt^A. ^JUl 

j^u^jjl ^dl ^jiai«o tUJl jl j ^jA 1 obi ji!l jup jtJ oLjydjT J-»jJl oljjojjl ^i!l 

.(gain bandwidth product) Jbrl JLpS|1 obi ^Jl jjp jIj J^jl 

(2“16) AJLaa 

1,000 J-wj ii ^ 23.5 cAJb- JJuiJ J ^ Jily J jLdl ff j ^L— j 

900 ii >Jl -up pjap^l jtill j yb L» .kHz 900 Ull ^JaiJl ii J — J ^JL * j .Hz 

?kHz 



(2-16) J* 

^ *ja. U * o ^-iJl pjaP-Sfl jb^ll j Ajl .16.6 0.707 iU*Jtj 23.5 jol 

.kHz 900 ii ji 1 -up A^-bJl 



(3 — 16) <iL*L4 

<? 

0 j\XL* LjT jj 5" Jdl jji-jjl jdl J (pk— pk) A^jl- Jl-A^jl J^-jJl Sjbil jLj jl ^ j al 

j^p jjoj;l^Jl jfj aJIl* JJuiJl jl Uajl jj^^il .Hz 1,000 ii>Jl -u — p mA 2.00 

^ 1 js*J 1^1 . J>-*AJl « jb^l ® jJ-2 J-* (^f plot ^jA^Ua^I j- 4 ^laL>-Mll f-jJrl jl iLL» 

?pk— pk ^ ykl ® jb^l jLj jj5^ ^ ckHz 900 jl 




«• 



(3-16) J* 

5 jLil jU 0? ^ dUi .Hz 1,000 ^ >Ji JUp 23.5 jj^y\ yU £ — * j jt jt Ja — 

kHz 900 ;o >Jl -Up .2.00 pA x 23.5 = 47.0 pA y Hz 1,000 :>:> -up pk-pk <r yJ-l 

.pk-pk 0.707 x 47.0 pA = 33.2 pA £ J-\ 3jLi! jL; bt 0 ^ c 






T*' j* <S J>^i\ \~4 }\ (FET) JJJ-I jJti-Jl &lj L^ljji - ’jUjJl j 

iLajJt Jj\jj :FETs j* jL— j j jliai .4. ; lzaH SJLj olj_^ *»jil jlil Jl (-»U a J ^ H 

.F£T(M0SFET) J~Sf-jJ~ &tjjz-jHjj t(JFET) FET 



JFET 14*4 

J* V>aJ‘ oU,j£tyl Jisl .jl*M J JiLl oljsJt v-^ JFET j jUl 

jLj 2Jb ^*^3^ *(73) *-3 j-haL^ <j> * lM j-Uali <j> ^pUj jL — iLi j L « 4 lg 

JlxiJ! y? j *. Jl .(G) AjI j-Jl <j£ <3 j-^ail jLj JUiju ./ s jJL^ail jLli c_3 

.aLiil j jlil jLijl J oljJu JJ is G u^LUxH JJ c^-ulL .£* G 4jl jJl JL^>- 3L aJLI 

iJLi joLji |JUh ^t-4— o .JFET j}P J>l y*- jiJJ <j 3 jt-5" Ol jJu U^lJb-1 £* g j 5 jywaJl oLlaili 

. U^P!- !*-> jLgJrl 



p stall j n suat 

d >*jJ w *UiJFET jy*y\ j& Ua~~* br" j (<-->— 10— 16) j (t-10-16) J^uJl ^ ^ 

.olj j^i^Jl ^P 5 jLp J*1 jJ-1 t-Jpl 0 .jldJ tjL*u* n Ja^Ji ja a^lil "i 

^j^sUo .p aJLSIJ lJlvOj a^L* 4 jI y^\ J j&Z . j-U-ail U— jJL> L ?r U 

^1p <jJaU aLLaII aLiJl <^JLj C |JL>> i 4^ _ / UJl c p ja Mill J Jh&l 

# fi f * 

j^.d‘>~ Ui5" c U]L>* Eq .dlifljl <3^*^ (^* j 4^ Vjjl 

.ywaf / D ^W»t UTj t 5Li)l J jdt jUt ^‘L ^S3l JiLl 

AliL iJwai 5U ((j -10-16) jSLiJl i (r -10-16) ^Ij) p SLi JFET jj— y \ >J 

,^>Ua-*JLi Aw-l)lj UlLw*» c_3j^ig Ll ^ Alyw- t Jt ^3“'*^ y~ -Lei . P ja 

JaJ-I ^OAP UiS" t ^i5"t Lpr ^ .Eq Uis" JsuJl ^ a^L* ^ > : -^ a 4 yU Si J <ji j- 11 

.yws 1 / D caLxll (j jlil jWJi 

If 

cajIjJI Jl >U-b aho n «LJ JFET jj toijluiJ olkU^il j 
J>^ >1 jdl iai Ua-3 a jUijl Ujjai ^iaf .U- jLp A*0 p-g — j /? 3U JFET >Ji j&Lj 





Jil jJl JUit : ^ ^jUi JutfiJl 



y J,l ^_JLJl in ob* JFET jy»*y\ y Ji ^ <— *j-aaJJ J li 

.p M JEFET 

p oU5 JFET jj^y\ ! n oLS JFET jji**yi i y$\ L> J6 I — *Jb j — £Lc 

, A?u>t^ I j y ^ ^ j Ij 2> +&\ ^j LS""* bf oj^»-xll ^ coj —Lai 1 3 ^ jA 

Pinch off j JlilLuiVI 

4^iJl J *\y>- jiOJ £• jyw? jf J^io v. ijJi > <£*& t* e ^ 1 </^' J ^ 1 J^ 1 ^- 
ol; ~<*J Jl J D <Jj^A I jLJ ibjj c£ D lJ^II J 4 *- <bly . JEFT J^*i 5UaJI J ^ — Lp 
Eq .Us* IjuT OjS; N J btf £ G <j \ jjl -Lpr jl y>i~*l £a JU- ^Ip yi\ . Jb-I J * 

Jj»l y>- N .obaJl j jlda^ y I aJJzl* y*jj J,U\j j t(p oball J lLa* yj « oblJl j <Ljl *-) 

1 *Jup .aj^f SU }y>rj J up 4Ay>^ dU j 4^iJ! J^l y>- y: 01 JbiL j 4ija^* j jjJ J 

t<— i*b"" bjij jA Eq Ob"" bl ,yb"”l oijJL^ obill j 4jjjai* re-wAj ty5""t 

cJ yu . J*>U3 ^I ^^Ip jUl JaJ oball jJj cj^b" J^Lio 4^-iJl J^l y>- jiwG Ujup ibbu^l X&h^A 

.^lil jjaL ^ ^ *iaJO j *lil ^Ip iaAOaJl v^j“ pinchoffti\J-\ aJi* 

G 



ft — bajJI qa &lj 9 




D 



p - J^sSl 

O -4 



D 




(i) 



(m) 



p ~~ JaAjjl dli9 



D 



D 



|-. 

I ■ 

WP 4 ^£ f 







« — JaAill 

U - 6 



S 

(e) ( J ) 

A 1 ftbfi JFET Jjl ^jJj*-aij I^10“16^ 

4 (c) P JFET J j[bi J>jl jail Jj jj^aJ Jiir^ <n ^(s- 1 ) ^ *0^ JFET JJ^U* jj! jail ^JaalaiO j-oj 

.(j) p ftliS JFET Jja^ jji jail JA JJ 





, 's i jr s tyj Wfl* 




• * «• 




E g W*Jl jUl J*lr ^bT / D .(ibiJt) jL_; (11-16) j£i_Jl j ^ > £ 

.SjliJ g;t ty>JI ufU U.up n Sbi ^1 yi! JFET j>l- yl y) 

.dLill 3 jlJ yr cU^*ai> JFET OjS^j clJL^j U -x>- <jl I Zs G UjS\> — p 

t£ G £> £-^jt SLiJl ^1) . jJ ^ij jLyil SLlil c4^JL- Jil E g ^-w2J 

^yi-*S/i ^IaJI U_gJr L; jL— 4 (iS— Cr) y— jS^sa jJl J^>r- t^J Oj^j ^Ji ijailll y I c jUl ibjjj 
iS~G <JLs^s> jJl ( JJU ^ E g bj .^JaLU-J L* jJlij Si; ail ,Ja; 7 IaJj pj 

y s-lli ^ j— J <u-io ctJUi j] .SjlpUJI J,l SLill j jLiil yju Jiij .pt ^ > Ujj p JFET 

.^JLi jJ-1 3 ^ ^1? yLl 

(11-16) tj (3 3>x ^^ ( J^ 4 UjSsj GjJS' ( J-*su>S/i 4 d * < ., rgi l ^ j — j£ 

tipUai-^*yi ^^>c.v?tI 4-*aaajJL» .^-w* j3l 3 vT b— j ^3“^ ^3 jLiJJ Lj yb y* tLUi 0 ] Ijj^ * 

4 J jLiil JtsM 3 t^yaaJi 4iia^* cjj^- j\ IjUw* JFET Oj^j Ujlp U J** it ^Jti Ji o j £j 

.7l3>L 

Li J^ult J^x 4J¥*b ci J^4lt jUj 

.E g yz* y* E d <-3 j^aSS -IfJr / D <-3 y^S jUj ^ j j — 

^JLjLp (12~ 16) 3^“**^ y i^iy>LLA aJjLmj o^Lil iPj— — p ^j 

4 Jb.Sf! tE G I D Uajt jw?jj .n SUi ^p\ ys\ JFET jyu-jJl J y^Ua — ^ oL — 

.(11-16) 3 



^ Utiili (-jj^auJl jU 







77 SU5 ^^jubljoal JFET jy±*j& Jfi Aji Jfii ^>1 ui^jL-a^ll jIjj : (1 1 — 16) 





Jdl jA\ J>Uu( : jJLp 



v*- 5 ® 

Id 





AJjLuaH 

*S 

3 liU aLlJuLJ j a<mJqa 11 jjl ydJ jLjlSI ^ * 4k>«Jj 

. ZlSLdf UiUf ji iJL'LjjJl aJjUI aJJUL JFET J <L fc bf ^pju Ula 

4j1^J| j*Xj tSI jW" 4"*-* Ol . (1 1 _ 16) (J,| JS- 

. Af D /AF G ^a iJSLill a* lSUl . A/ d Jbly ^ail jUJ lit :>by~- cAEq 

J (11-16) t OkXA ^ 

Cjwxajs <mia-L« JFET jb^-l ~up < y* 4a2j5j ^\ 3 Lg^wjij A/ p/ A /? G a^-aII 

J-pr ^>- c<J> jA 4 jU .1 y^ 5 3^1t c(l 1 — 1 6) j Y -Uk; — j 

^JSLlll ^JiLil l$J j gjl Atfjadt jl . jLiii ^yuo SLaJl JjLJ UJLiP iaai Eq jXcj / d .4jI y It 

jSU (jJJt ut£il 4JI JLM j^j Jif l*JI juii IX kdl ^ j£j: I . - Jipf 

^JJij 4 /p <3 t j>^ t jM Eq 3 jjA-^aJl .^p^aj pjapl ^jip <*i Jy^a — J-l 

LiJl ^ j-vail Jv J-^t^Jl JaiU «J» J-~L~lll P y^a ^ll AjUil LJ-I J I yS 




t4. itU <_ jU) 



(4-16) iiu- 

* * 
X^r Sitj J Up IjjiT -tf-Ls ^ oLi>»J>l jf Jas-V .(12-16) j j m 

£ D jj 1 * !i ! ^ r“^' ,jl ® b> -(^' UU:il - L — * £ D -*j-^ H 

# 

jl tu£j: lit* .liJLb J juc \ lifj -L? «jLp OLj>fcdl 0../3 7 cL-J«-* (_£ y^A 

jjp J^Lio ^bjj Ujlp ol jbs^l |^v4j" JFET ® ^ 

(4-16) J* 

JaJj) 4jI ^ 11 jjyt4 pk-pk * jbil cb~~J cJ ^ JFET — j ^ — * 

5ltJj oL>uil ^ cE'q bb^J ,/ D vJ* jlJ <j I j*+0 1 y*j (V - 1 — 2 

•A) ^ j *" £* * j'- 5 '! *b' ^iibj *£g = — 1 Vj ^g = — 2 V 4jI^- — ! l 

J £*(5 = —2 V ^^i-b Ali^i.1 oLi>»A! {£y~j ®^bj j\ yl^j\j . j&*\ (2JJS p-?r yij 

Ej-) b**XlP ^> ».« ^ a.ti l ^-*bc* ^bjj *)} .lib »XpLl)l -^yP . — jj <*Eq 1 V 

3.C O^jbij .(13— ”16) (3 0^^* ijJLb (j| . 4j-Xjbi o-i> 

0j)aJb . obi>xjJ.I jLiii ^j-^ 3 0^ b ^ - i djJu^ail pk— pk ob 

pji*> p z + «a~ * <s J*- .ybjj j y O ly tbb>r \jS E^ 0r<^ bl J-L* J £j 5 jli Jj>rj — j 

. objjjJl j-ip 0siaj ^-3 j jb>o JFET ol jy^y^y 



^D 




^ludll j- -v 



.(4-16) : (13-16) Ji^ill 





Jit yjt Ju it : jJ^p j-iUl 



MOSFET 

metal~oxide-Sem iconductor 4 JI 1 H oLJ^Jl JJljf ^uiT MOSFET 

U *~~j> LtizAA Lc * j (cy-14-16) j£-Jlj (1— 14— 16) — ft £■ — ^ y .field— effect transistor 

0 -14-16) j£-iJlj -14-16) j£-*Jl /i *bS MOSFET jy — 

./? oU jy**y\ yft 

jl aJ j^lt b FET jy^y \ OlT ciy J jSf MOSFET ^ >; Ujo_p 

tLUi Jjj*' 1 4jtyft c£ y~* 0| .LJL>- J yJll y-*Nl <y» bL — jJ j — OJ — b $ — i*j 1 — c.j .IGFET 



lJl?*- 4*JlJ y J^jJl Aj* fjL* 0 y^j .dLiil Li j*J C4*jb j. — .^S" 4 - i jLp 4JL« b 4 jb 2 . — ,* m I y 



^ J LU, oJb J>W . J^oJi SjlAl ^ bWT MOSFET 



V .(WULl Jb_Jbj) 

.U*-^ft- SjU^i 

A^uUJ 4K4 maB 



^ yiiJl a}su*\ jj * 1 jq-~ : IajjJzj 4_j MOSFET <oljyo jjl y j 4-*— — O^Jl — U 01 

Oyoiift 01 y -45 tMOS Sy $^-1 ls^ ^ ^-ft oljl-xll ^bi ^S' j 

jaJ3 jj (iL^-Jli*- j^iSsJ I) 4 ^U 4 -jL> ^ 5 " oLx-i J*j£ V of j * J&'lz — U 4 *&[>- olJ M 

V .p->b J^Liu 0 y£ll y*-L~* tMOS J ^‘b ^$^ft J jl*ft <J ^b ^1 *oby£il 

.^lai -1 l*b* ^jA aA>^\ 44 JI ^*j£ 

4 JjjaS 

MOSFET jy**y\ j^. n SbS JFET yyi^jil yft JUo-1 0L*^S/1 Jo** j 4J**il ol yUft j y£Lc 

oijji^jjl ajLll oL>*-Al c— J ./? ©biJl ob J^LJ 4 jL^ J&y ®L;^ » 

J (5-G) - j-Ua^ 4i^>j cu-J JFET ol oj — Lit oL — Lf- — ii MOSFET 

J-4-ij 4lv^^Jl dJ-A cJl5" bl 3j^i? (^1 V . p—n aJu^j MOSFET 

MOSFET UJb» ^ jiJl J- c^^Jj 5-G 01 oJ — OL — # 

.n ®bi ^1 ^1 MOSFET oL^i! 4 JL‘Ip (15-16) jw»jj .^Jb J^-io 

JjjfluH JjIIa jliilujVl 

<* 

d^L^j .1 yw? jJUaIIj 4jt jj! ,ju 0 j^SvJl J ji 0 /, Ujup t yu& jL^-L; JFET J dLiil Ji-J 

01 y/ oJUi ^Jb .ajlJp obi J 4l>t^ 11 J>1 j >• j C tiLftJJ— ^^1 m 

itf (14-16) J^sJl j bk iasjl jy* oUy- JW5 y .Ua — jI iUL: — Ja^j — > MOSFET 



.MOSFET ol jy^-jjl J J iLajo-'b/l 




OUjjsStyj . Uml lj vM' 



^jlc. AAiia ^j^jua ^ _^juo-o 









,(l) n iUI MOSFET jji-jj 1 I JA -kk^a :(14-16) Jiifl 

4 (c) P MOSFET 4# jjjjuoj K1i% 4 t(uj) n sUS MOSFET jjkn ^jl jUl ^kok^j 

.(^) /? dUi MOSFET >* j 




^iuuSI t— il^wxall Ifl % 

.« iUS ^1 Jjjl MOSFET j^>4 >1 S j*JJI QljWull ^Slc :(15-16) JU1I 







Jil jJl cJsUajf : jJ U p 




.Ja+y MOSFET j jivv jjl y utiiic Uajr ^Jib < & */a i — j\— L ^ ji £t*i> 

f# 

/q jL*il C)j£j 44ji^Jl L5^ ^G J^j’*’^! (j- 4 ■ jE& ^J -v 3 A 4 ®Li y< j*zJf 

fl a Li jjycJl Ja^JJ aj^rtAi (16"~16) .fijLil ^>0 2 jPr j ^Up Jj. f' 

Ja jJaiLi Jl Jja^V ja 3U::^^1 JaJT j jjycJl -laJT ,yj 4 : )ajb»tlil oUaJa>«il J ySv_C ,p a Li j 

1*1 $a j*z~+a 4j^ y*lp J? jU>- Ja^jj MOSFET olj j; »-jji yi j\ jJtil J — pL hi j *l*il 

h* y\s* J* jLp l$ii Jo*0 MOSFET J 



4 1 J<-. A ti ^ jj All 



oLj j^oil o j£j .ajjL 3-jJbu* J>*jL c_JL«5" (ICs) iLl^ili oljU — Jl ^ J i** jJL J 

(DIP) J*-j^ j* Oy^ s^J 4(SIP) J^j^ j ir 4 f_ An^L) \ - f j£* djL P 4« ..uL^Sl' 



^Jl 4-l*Jl a jjJs ^PJJ . ayiS" J^rjl i j^rj (J- 4 j JOjjl 4-4biO* <_£ y>-S/' <*_~l*Jl — j ,4jhJz+~ If 

jl Lull* j P djLp iLlS^lil ajIjJJ ^jg^lapxjdl y»jJl ,T.O jL>-S/l j^au j ^LAjc* j j^J jl 



^ Jl 

.<lLpL j jSoi 4 jL 5" £4 



g-»all 

^ !>» t 

olj j^* y* <P jJUaII 4lil^ii oIjIJlIL 4jjLL* iJbr ajJu/3 ^LlSslil oljL Jl aj gj>r? j ^ )aj jj 

c 

kiJJij J jajla LgJp c-lAi^t IjlJLic oljb frLj iLl^iil oljiuJl ^Ij^o-L .5-U^a <L» 

^jA j £ I 4-4JLO* C->ljJi oli d^JL/a ol y> X>r y C^Ca .AJL^ajilLl oLj ^ll £_ * 4 \ j\jla 

.1^1*1^ J> ^P ( *JS^ oils" JJ yull j ^ a)1 J-ai^ j oo /Jl Jjty 




. ia^ « SLfl MOSFET Jiu-jsl Jj >j (1) :(6~16) JiAli 
. jj j*jJl Jjxooj p oLa MOSFET jJL** Jil Jill j* j (cj) 



AJIp 4£ JA- 

^-4— <ll iLJLyj IJj>t iLl^lii djljJl J olj ^Ssi.1 Jj aJLpIjJI O*^ <■£> jil j j_ _SsJ 

Jliil jlT U15" .4JT <P^Jl y^Jj t5p^o yb ^S3l oljLlii Jisj .yu olp^... , 




^jojl^\ LJS^j t^j^jJl 5 *a ^“ jj j£\ (j^LiL-p- j\-£\ 1*1^ 4^ j**\ j 9 ^ j j^* Cf* ^ ^J**! j 

. oJLajiil oU-gll jl»4^| <— > ^IJaii ^jll 

A ,Uk^\ A S jjfl CjUUal* 

jy * j ,aLppA\ oLi ol: oljljJlj aJjL aa a*pJ^*±a 5 jdS U j^p SJUtScll oljiJ ll 

tlr 4 <3*1 Sjl j>- 0 SSj L^li tlJbs- y^-p jLi) ICs jl jJ»^*-»l 4 -.-~.aq .objllaJl ^iJb^i^l Jl>- L«Ia jji Ji 

c-»IaX* 1I 3 ^!l JS^Lisil jtyojj A^UaJl j* { y tiUi Ju jj . ILaaAI oli ^^ll oljl^ i yA 

j n yS I t_Jsl j£-\£ c^lJL>fci^*VI f.li>l Lijl ^>- ^U; jl 

jjj 

<bl |JaJL> SJ jLi* j^li) ^U>»i~.l apL* JStj ojIp Jit ICs ^JbwJ ^ ll pj&: ll jl ia^l jl 

tIC j jX-4> aJ j j*-» Sbst-l-xll o*>Lrf>jJl a-^«> j^ Lllp villi .sLaIAI ol>_j£il ^-Lsiiw. ; 

.Jit jU^I Jl t ^fe(JJ JU^I ^ . jUJl J /j jt JTUl £* gjill _, 

.oliU^I vi»jJb- jllp r-X^^I oW^-l 5Js.L— J ojuJ-I vjJjj IC L?r^l>^: ,Ja_JLf 

iJuilUl IC jL£I aJLv y> JlJLs-Vlj tICs J*-t {j* jjU^* pJ^Jl J/* ^-b>*i~Q 

ICs l£ ^J l OljljJl oU jJ jCJb^ll j»UJL!l aJIj^ 4^3 1>- olJbt- .dJuJbr dJ ?-ij J PJJ 

,4-j*X*il 4ili J[> 0 jJ-L> 4a j^xIa 



AJxwjIaH Cjtjtdlt flL 

# 

(3 i^Jullij O.X>- ^lp ICs . 4]?** ylU <^>ljfjJf zLj <j$ Al — IC Cbl O t ) & y 

,3JL^- t— jjja li jy 1 ' 4 (j (.AiljiJl jl Oj IjJI 4j>- j. _ I t^S* j—j ^Sjlji jl 4 j>- j. -1 

j5o: .j*UaJl j Jli-I ob AiUaJl JJ 5^L>- oL^jjj 4^ jdl ol y 

•U^ .j^J J fertWfe 11 ^UajJl O^LpIj 4jUsJ| 




jSLio 4JLU-I 4J^ 



JU^rl lij dJL^r 4jjf^jdl j .dj wLlp J-AaJI lJU* (j cii * 

* 

.^L^Jl 4jli j 4j^>r^/l (jl L*lp c?*y>*-*P 

J^*Jl ^^ 3 aII UijaiA obl>- jUtdl JFET jy-^y I y .1 

•? > - 

.0 jjj *5 (a) 

.4^J^ Aj>- ^ (b) 







Jit jJt uiUflj! : ^oLJt J^oolt 



y* aUaiJl ^LJ jj^y \ yJt j 



( c ) 

.d^UI b? ^ (d) 

c^-jt JFET j iU^VI iuja:> Ujlp 

.dLaJt aj^ ^bjj (a) 

. oLaJI y<3 a -*L j (b) 

. Jit Jij (C) 

.jS*\ jSLto I jlj dLaJt JU (d) 

”.**^w* j aJIiII aL^I j * I yJt SL_d 

^ ■■ <* 

i ‘i . c-l ^ li d^jtji b$ b^b«A o«-X^P ^jb*Jl ^ »a 3 t J)J)^*Jt 

.^•b^t (a) 

.4JL^ ^Jt (b) 

.U)t ^JaiJl (c) 

.(gain bandwidth product) JUt Joy* ^jj (d) 
f .Hz 1,000 ^1 -j J***io 16.0 ]a^jZi <j tA j . lagl t j — i 

J ^ aJp jt jLiU j b. .kHz 600 UJf aay j — j xi- 

?MHz 75 >3 yil 

11.3 (a) 
16.0 (b) 
22.6 (c) 

.oU^ixit o-Ia ja oJaJji ^ (d) 

c^t*Sn ot4^|b Jaij ^jj-0 p-n &p jit j 

!» *» 

. Laaa*w* b»j b yi b ^ . It ^J®bJt i a ‘P * jjSsj (a) 

.objySdl l jLp 4j yS"Sn Ja! yU j j& (b) 

!« 

.n o^UJJ 4-~*Jb tjb£j <U p Ja*Ji ^ja o^lil j ^3 (c) 

<* * * * 

.OwLpIaJJ Vj Ljb£j by>i_JUA O^^vj (d) 

jj ylll la^:> jlg-*- 
. JU 0 jb^Vt J jSLio Jill (a) 

3Jl>- P — ft Oj^Ki b *wUP (b) 

.4; Jallt tit ibbl^l ia^JJ jtgj£ dtJyw-t ^Slc (c) 




c 4 . MM , h;*U j tfrU v-M-Jt 

*4 




j l£ 3b ^ V (d) 

l <1p objjaJl dJub j £ tV 0.60 j£J ^iaII Jl^»- to ^SLL — ^ ob j — p ^ .7 

.4— ij sl^'yb p — Yl Obb*? ^Jl 4-pr y ^ i?" ^ilJl 

0.60 V (a) 

0.10 V (b) 

3.60 V (c) 

,ol> j!«dl dIa ^ sJujJ- ^ (d) 

JFET jy^y ' y tj jwUail Jv. jb~l' .8 

0* 

.UJb JJLj (a) 
.5bi3L (b) 
u!&s. ^pJj (c) 

.Ul JjLi V (d) 

d ^ 1 1 (_G L*%X^p- J bj P^P J * ‘ i 1 .9 

jLJ ^3 ® j>b" j- bj^/ dJ^-UJl jLJ 3 (a) 

£ > 

j j;b;^ o^pUli j^>r 3 (b) 

.dJ-pLaJl jLJ 3 ^ 0>1 jyu jw\,,^a.ll jLJ 3 (C) 

,lJ ^ aii jLT 3 ® ^1 J ±* *• ^bj^| oJ-plaJi J^*r 3 (d) 

4* 

c<jLA^J| ^1 .sbjj bw«^P djbrJL* 4..)? all ^jUj p — Yl j aL^j Oy^i L*<Ajl— P.10 

4JL ^Jl 



l)U 1 ^>-1 




• (d) 





(JIjJ! cjU]| 







J>-iu Nlj^- 37 131 5j u*- o j>j IJl» ^cJiftj jl: p Si <jl j to V,?Hv 

4j^^^|1 J , « /? d»bj-S jl ^^jsfcAj .<w^La^JI 4jL^ ^5 4j^^^| 1 Jl UIp t^ C ggHi I. . 

131 (j j>3 o jA jUu/tfl fJJu dJbSoTj (.h ^>r^l J7jc3 ^ JUL j jL — i>-^l dicJiii — S J jV^ *j— §| ^ 

gii^^ 

<w3jJij^sJ J^Jrl j^lUUij *1 

P ' ' " '»" j S*K ' ^S0li' */ 

.t >*» tf jL-o dc »jb J gd J j ^J s-t ^ >-j? (aflfi 
* 

.4pUal*-V' ^ L A^Jrl c£ jl~ o 4 JlJu*J dc Sjb j 

. jLJl Jp L* ajrl Vv* dc 5 jb J iplku-V' ^C) S ;'- 
* ja m 

.o jUil ^Ip 4^ 4pUaI^V' L? jL-o dc Sjb (_£? J (d) Sgf 

<» I 

. 4pUal»^l ^Js- L* 4^* jUil jb**J 4 JLJL-J dc djb <^l J$ Jt$j»4 (P%y 1 

oLaS ^ Jp e-Apb^J bl .dc i y* 41jl* 4^5"" l-fc* 4jjJ 4 j y> Sj* 4->l jjb ®l yj 4»il>. i)\ ^yg> J&b ' „|j[ 

V~k^l >i ® jiili C4_ii jLxJl iMik^;C: 

.5ijLJi 4^iJi gj JJ Jaj&+£ (a^ggl 
.owajl Jl|^i^ ^b)"' 1 ^ 

4**jf {£) 

<blil .3 

. jue> 






. 1 (c) 

• 1 cj * (d) 

. 4 jjLi) l A jt ^ (c) 

^jpJJ oU >» jj <JiUl .4 

•r^> ( a ) 

.jljUJl (b) 

(c) 

.j_u~J (d) 

. (e) 

*-i <lit ^>3' -mA 10 Ji jl-Jl Jajoi- f on A 100 *i*J dc jW >_iL* <j _/. « — (' — il .5 

uilll J^'-a JiJj S-Li jj .I4— ii C~*aj J^l 

(a) 

• cijV' 4 ^aJI rjA <jliL» 1 (b) 

.JjS ft 5 ^a 3I «lib 10 (c) 

.^jSH c3lfcs^l 10 (d) 

.ol* y*il ju jil LjjJ |1 bj oJOJ^ ^ <jJu* Jl j£]j t jiix; (e) 

4 j jl jlii A^rja^U AajUalli aJ JL* il £7 jj 4 *— Jl (jl# cob <_£ C*—aj lil .6 

A>-Lw**»* <bbjj ^bjJ (3) 

A>-U^ ob Jj jJdi *)J (b) 

.gJii^ll £tk~- obj* (C) 

.^jUwaJl -LgJj J*+Saj (d) 

.^jli^il ^ jijull jLdl JUki»j (e) 

l* .V -5.00 4-Jb~Ji a*_aJ| jl^- ^Ljj tV +10.0 ac ji 4^- jii a*JL1i .7 

V +5.00 (a) 

V 5.00 (b) 

V -5.00 (c) 

V 15.0 (d) 

. cjV* ^JUJj dJjb 4jL^>- V (e) 





^Al>-b A***+h‘»** y bl cJJL* yu j>% jJ l!Lj Jl£ bb» .8 

(a) 

•*— * (J^s! (b) 



•u' 4 ^ ( c ) 

' * 

yJl ^ bUipl u *Jij ji .iby Ji (d) 

•V s - <^ U& v (e) 
j cM y cN' o' ifi -9 

(a) 



•tSbbj (C) 



2 4 



•c/V^ ( d ) 

(e) 

jUJl.10 

>( ^p1juM J?UJ fU (a) 

.c-L j ^XiAjt *>\ilj 0 ot (b) 

.Aj! ji j olj jjjjJI j- 4 aJ (c) 
.AJlji objyJl jj-* aJ (d) 

.AjI ji ^y (j oUjy^J^fl ^ A*Jl aJ (e) 

A^ > JSLio ("o >Jri *1^1" jt "aJLjJI *1^1") IjjjjSfl O-uUl 

.Ajws^^^i/1 A < « *<. w 1 1 ^a^ 

. jL~j^fl £y0 y A y* J g (b) 

<J i^S'\^s}\ a 5" (c) 
.iljLJlj c£ jbdl yM c3^>\jijl c-3Ji (d) 

.a^^jJI oijUoij'yi (e) 

<Jdil y> b .MHz 2.00 ** yJi <j ^H 10.0 c£ jUo ajI y> <jJU J*ij- o\ y>j — iil. 12 

?MHz 4.00 Ji ^ jd\ bi a^ 



HH 10.0 (a) 
|iH 20.0 (b) 
jiH 5.00 (c) 




:jUll ujUt 

m 



^H 40.0 (d) 

jiH 2.50 (e) 

a^p jwcdJ ^L^p-I J^LiJl .GHz 0.045 h*A jt*\ j **■ y ^JLj.13 

.Hz 45 (a) 

.Hz 450 (b) 

.kHz 45 (c) 

.kHz 450 (d) 

.e*>Ul hj ji\ ja jSLi <^L a^p ji-jcJi ^ (e) 

tac Ji tUjup Aki Jl \j^\ J-^- ^ j4ail ac ^>r ss j hi ji. 14 

.ojliLJf (a) 

(b) 

. A>- ^ 1 <L* djlAS^ (c) 

.Sj yOJLA lj\j£* (d) 

(e) 

y AjJLinJl 4 joL#A| 0 j£o\15 
. aJLpIa* j aj* jli* (a) 

. Aj*jli* j aJL>U (b) 

•*^j j*-/ ( c > 

(d) 

. ajc^o j aJUL* (e) 

i*jUil ys- J^Jrl u^j .mA 100 t I jU 220 i.jli.,16 

.kV 22 (a) 

•V 2.2 (b) 

•V 22.0 (c) 

.V 0.22 (d) 



. oL. jJLwil aJLfc 4 jL — ?- L>w«j (e) 

UR 17 

Silp 1 ^ UU U* (a) 

* ^ 





o\Jl jU^-i 



. \J> 4-^liU P — n 3i jil t yfiS\ fjaj y t*JOP dc -dy (c) 

fi 

* *0 M *&* (d) 

.Jnpr pjaui" dJ-ul* (e) 

aJ^JU ^-JaJtll Jijdl AibS" yp js?*dl 18 

.cjoaib JaP (a) 
.yU^oJb _k>- (b) 

•£ yil* ia>. (c) 

. ylb JaP- (d) 

y £+«a> t*JliP aJU J j^aJ-l pJaP^I ^walU <^JL4 lit* tA^Jaajl ^ Jlo j y — ^ y\ j& 1 j. 19 

• ib J4 ( a ) 

.(j£yO«<o AO*^* Aa^aJ jbje (b) 

.JJO ^ (c) 

•o^i (d) 

fi 

,UL» (_^l (e) 

^>JI ,> oU jUll.20 

«* 

. a jJm U* £*_?**j (a) 

L< u u~j ir i ^ *,i^3 w > ^« * 

. ^Lp yaj j* til! US" LgUaxj £*jsr»J (C) 

.50^ VjVl ^1 j* jUJl j* t^-ij U^Jl t^v^ (d) 

.6^?“ UjU_« JSsJ A*4jS/l p-j^jl ^P ^JaiJl 0 ^a*j a j-laJi y Lg~-aj A^^SOl jJ-J (e) 

0 * 

^tu npn y S jbj *~Wl ^tu pnp jy~*y\ y 5 jb UIp jSLiu JtJl j — * .21 

?aJ*U! 



. Aal:.g- JJUuJl obi y (a) 
.4ikst jLill 4jt-U* coljJi (b) 

. A]pbL<dJ 4*mS*\jCLa tbtcf dJ^^rSll yu (C) 

, AiJo£ oUJU aj-^-S/' y jXJ (d) 
.U~S"btO» AjJLaJl ^jy* otjai (e) 

^ yprj CAjLIUo* 4-w>r ^il UAl^-il J cA^tUo* Uib^ y aC J,jU»l yP Uoj" 4Jj j ( yjJ jjjl ( y ?J yl .22 










Of jSic. ,j>Jt J jjlkr o-li ^Ijli'yi of Ujf 1 .JU, ^il'JuiJl i_*Jr 2* jLw iJLJl i*i5l 

^ 2*S"" ojLi*)LJ J^Jrl 01 OjUi ^ ^ 

— 4^jgji ^jA -LgJrl ' A »'*t (3) 

• Ojl-il (3^^ 4^ji]l — ^[“4^jaj| -LgJrl i_ a .,tj i (b) 

,5j^ ijlil j£j Utfl-JI-l^iJl JA -^J-l 1.414 (c) 

,5j^ J* ijLil j£j uiJl- Jl-i*iJl ^ ^Jrl 2.828 (d) 

,‘U^ ^ HjJ , t ( e) 

^ JFET j SbiJl ^ ^ ju^y .23 

(a) 

.S-u-UJl jL; (b) 
.UJt^Wl (c) 



■^±t (d) 
jM (e) 

^acorji *o VI i**Jl .24 
.<Ljb< a^a j ajcmJI (a) 

<* 

.Ulc aL*IS 3| Or ^ll -y ^JlP AjUwJI Jfl-^ yJ> (b) 

. oJLll ajlaaj 0.707 W yiJ ^ jUJ (c) 

!< 

.UiJl 1.414 Lj>“ (ijU (d) 

-u'j* Jjy- (e) 



(j .25 

. dl y$\ (Jiiil j \&y jlil jLJl JajJco (a) 



. J^JI £• <> 

^jiAlli Ja ^Ja^- j yxJ (d 



. laa» JU>-lj i^Ja* (e) 

?L^*S^p (FET) job (E—B) oJipli -<LaS*\j sJU ? j jU *jj L-jllp lit* .26 

.ja/’ jW“ (a) 

. Jli. JSLio NU» FET j (b) 

.1 yup <lpUil j ^3 (c) 




■J\d\ uAJl 

m 




. Jj-Lj jLg-i-l ^-^Lc. (d) 

.E—B FET J N W *)! y* ti\ (e) 

3 ObiUai* U.,^^1 j 4ili5=- Lj&bi y jbv?l>- jl,~^- jbr y L$J byJ 5ijj ol y jjut I»1 .27 

tl)^ ^ <>* < * > 1 

.0° jjU I 4jjlj (a) 
.180° jjUl^jlj (b) 
.+90° j>Jl (c) 



.-90° jjWaolj (d) 
.tk^ J* Xjj)\ (e) 

?aJ$ 3| Aju~}\ j jSj pi" yisjl cJu^j pF 1 10 JS" 4*-> 4-~>* .28 

.pF 20 (a) 

.pF 100 (b) 

.pF 500 (c) 
ji\ ^Js- JuaJ (d) 
.A^Jrl (e) 

U J-*jdJ j y jSLil 4j( 0 ."f jt 500 a^LjT ooJ — i-" j — iL. .29 

AjJjaxJi l^lutbT Ojl J j 

.j 500 + 0 (a) 

■j 500 - 0 (b) 

.j 400 + 300 (c) 

.j 400 - 300 (d) 

.j0 + 500 (e) 

a*jI J\ ^jl 100 L^-» <L*Ji ^JLj . J-kJL-ujl 'J* «J ys y oUjUl • ^jjl j j? .30 

.mA 10.0 0 jloJl 3 jLj yii ^ ^Ip v 6.00 <ijl k ^ .<1 

21. jUil u 

fj' 300 (a) 

(* jf 600 (b) 
f jf 900 (c) 

ry 1,200 (d> 

.oL* ^JUil oJla o' UL-j- £s. ^ (e) 




«■ 



< 



jl-JLiC. L >" Jk^lj 



j ^fciLl J* .yjl ilSV J^> JL-^' .31 

. * ^ 

-^jy^yy (a) 

— ^J,Ip jj oULj 0j3~ ^UaJ (b) 

. V*bi* a5^ ^jlI ^ ji jLli (c) 

, 4j t JLyaJl (d) 

.Lbl L*Uj>tJ^w« .)o:«U Jaj j * ijl JL«j ^1 b? *)1 j 

?*L.l£sll oljUJl ob^ rc/ir J JU! ^ ^1 .32 

. A,^i>uil 0 jJLaJl oUJal * (a) 

•Sjbull v^ 1 (b) 

<^js^ (C) 

.3jL*aJl <J (d) 

.Modular construction (e) 

?j; j* ^b£Jb :o^l U .rad/s 450 ac ji c $y\^\ ** yb\ £-Lj .33 

kHz 0.716 (a) 

kHz 0.450 (b) 

kHz 0.0716 (c) 

kHz 71.6 (d) 

kHz 2,830 (e) 

^jUll^.34 
.jbJl ojUil jyicj (a) 

.L^UI ojU^J* l ) ^3 b*JLP p— tl 4lv?jJl ^JjLJ (b) 
s * . 

. y «)*? ll 4 a**JI jvr*} (C) 

<j^ *-*“~-**^ (d) 

.V 0.3 -i-pr (e) 

b*j6li 4jjJaJb <jO*~5"bc> bJlS'” J OUjUaL* Obi J> Jy *- ji j^£o b*JUP.35 

. jb^l j 0.785 (a) 
•ob^lj 1.57 (b) 

• Ob^i j 3.14 (c) 

.Ob^! j 6.28 (d) 





oUl 



ja Jjjil fjjj j£ ^ lii < j£c. M k^S (e) 

^ AjjUiJl 4 ju’LJl1 ,^*j\ —70 aiIpIjL* k*~3j ^j\ 50 j 4^ jLi* ^JLj .36 

/70 + 50 (a) 

J70 - 50 (b) 

./ 70 + 50- (c) 

J70 “ 50- (d) 
.oU jl*il ja Jjjil (e) 

ipll aly-l JjS/l .V-12.0 4jjUaj £-* ^ v r^' V 5 — j^j cJ .37 

J-Lvail cW 15.0 UjlAi- Jlill cW 5.00 Ujl-L_JL. 

VjJlill J-Uai! j jlil jUl y> U .W 20.0 Ujloi. iplk-,1 

.mA 139 (a) 

.mA 600 (b) 

.A 1.67 (c) 

.A 7.20 (d) 

.oU jl*il oJl* ^ N (e) 

^JaAi jj,! ^-w^j lti JFET jy~* y\ y l 5 -38 

U jJUj oLiii JJU (a) 

0 Ul SLiJl Jij M (b) 

* ^ 

• (d) 

*9 / 

. 1 Ij^L^* Llj ^ - ./9_i ( e ) 

J? 

t jj^o jLi^li ‘A-pr ^ A^ 3 ' 3^*^ dc -*-$>■ vl—>- <j -39 

J* 

.1 yL^ p-n <JU> jJl J jLJ' (a) 

.Ui; p-n *1*5 jJl j jLJl (b) 

.« oilil Jl p ia^Ji ja S^lil oU <3^-^ (C) 

.p -k-ojJl J> S^lil J,l « ia^Jl oil! 33 Jo; (d) 

olAu ^ j oij 33JUJ (e) 

J jZ jl ^ o <225° jlJUU r 3L*jll JLiy x **■ >1 jl Oj^f lil .40 

.135° — j y orjll ^ X or-^ll j^y (a) 




h\j c-jLh 



.45° — i y os-jU X >>=-ta (b) 

.45° — * y Or jll -UJ. y Or jll (C) 

.j^kJL y i*r jlij x <*■ j it (d) 



. j jkib Olsiii y jilj os-jil (e) 

^ i f JlP Uaji ^ ^ii . ^Ip c-»U?^i Aj^ J-** j f A — )\ Joj — al .41 

oU> y>tii ^ aj^AI L^ajl .kHz 500 ^ ^1 -up y'300 + 0 *1x1 1 $j> J5" £*kx « — jj 

ajXa*JI ajuL^AI ^.a L* . yup (^\ ^ ^li ^y* < j> ap y**#.* oLaJL* a jLp 

?kHz 500 m .>JI -up y^ 

.j 100 + 0 (a) 

•y 100 - 0 (b) 
./900 + 0 (c) 
J900 - 0 (d) 

,OL* ijLdl ^jA Jjjil 4S jAA j O 4 j-LAaJ| 4j«j Ull _lj Jy (C ) 



pj' R j tcJ y E *u-» emf t j~»' / « jbi. jLj l$J yL dc « jb J, — £ .42 

?<d»U 4JUI i^l <^t ./> ol jJb o-Lit s^lk^Vt 

P = / 2 fl (a) 

£■ = //? (b) 



/? = E/I (c) 

P = E 2 /R (d) 

I = ER (e) 

UJl ^JLjj tfiA 10.0 A. ; lx a)l ^jLj rms ac ® j^i jV £-4 — i -43 

?rms ac £>* 5 jLM jU ja L. .kHz 100 

mA 10.0 (a) 

^A 10.0 (b) 

\xA 0.100 (c) 

^A 0.00100 (d) 

.oli JA\ JA Jbjil ASjAA jjJ> AjL^ t ^C ^ (e) 

£-A jj -UPj AjjUxj L$-Ls»J -Up Q 144 Al^jlL* V— 12 AjjUsij ^ Ala . y **. ; dc dj^Sj .44 

^^l.wal.1 A^a.^i jj oX*Ji Apl)ai^i , ^/1 jlXi* ^A L* 

mW 83 (a) 




yteli jL>i 



W 1 .0 (b) 

W 12 (c) 
kW 1.7 (d) 
kW 21 (e) 

c3 l.l a- .-Lt ac **■ y i3 -45 
.jT Jx-io jy~e- oUl +£■ iXssi- (a) 

J£jlj a_JL- j£\ CC-jlj A) (b) 

1 ^ y^a ) J c iJl^j Li (JjbcC. 4*JL**» ^i5"f 4 jc«J| *^a7 (c) 

<1 * 

JjUjC. bt£jj LL* 4 ju*J) joCj (d) 

£^5" jXj (e) 

Ui 43 j**a$\ Ojlill 4jtjL«J.t L^ 2 jI Jli .46 

.4iiU (a) 

.hyu* jS* (b) 

> (C) 
.UpU; ^ (d) 

.43^3 4*4^" (C) 

(5 jL-J 43^ 4_*- ac i*- ji 4k^yli 4*~Jl .47 

. I 4 ) 4 ^*jtll 4 jc^ (a) 

.L» jir 4^dii 4 a«w 0.707 jjA j (b) 

.L» ^aJ 4j^' c3U->l 0.707 (c) 
.UJtfl - J1 - USJI JA ^jl cJU^? 0.707 (d) 

( e ) 

ac (Ji 4-Swl^Lll 45" yU J^>o 4iUaJl Jlui ^PJU .48 

v^^ 1 ' (a) 

• (b) 

w i" ;^ (C) 

Jj^lb (d) 

(e) 

Jjbxl! KS ~ jil i_i jjv.49 




:^ldl (_»Ul 

90 



. ji^Jl ailiSL (a) 
.jiadl SjjI^ (b) 

(C) 

. JajlAl JJ.L (d) 
.pjlaJl (e) 

^^Uav^l jUl.50 
(jj C-JL-Jl {j* (3) 

>s JLJl Jl JA J»0i (b) 
.iJliLl Jjl yi\ £ Jaii jiJi (c) 
.Sijil oljUJl ^ jiJi ji j£jr. ^ (d) 
.ajUJU (e) 
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cJbjj^jlll Oy J^b y^y^\ JaJ-1 



c^i &Js* ^ Cj* Cj*i “ • 

Ui*^ Aj*y il 4 j jj Ob" bl .y^H J> blj^l J^-f ^>r^il j ^ *J Ot 

Oj^U 0>***« 1 A^rjilj tAj>r^ll jy^ S- -JCmsJI ^y* Ob" bi . AjcJoJt <j Oj JyaJb bJb£» ciiJOj to^j— 

A-wi^aIa!) jf> ^IjaVI 

s-li' £"'_j>l .14 ( _^L->»-'yij liL-j) ^jJa^~J ^11 dili 14 j^vii -^" — ^ o! 

Ob*ol ^Oa*f .*^ls»LjJl ^Lp bl L^pLajjj < 3 ^-^ oyj y^ 0 ^ O-b^jr. . (Jb> ^J ba . < ' 

^ v I* & 

j o j>b" bll j tcJi jjf j-* L?foii4 colia^i j ol j^rJ>\ ^-1 yl Ujj£ oLpU- dJLi Uj^j jcjjb l! 

j>*\ 0 b >0 3 <p*oL*j Ob^-Sfi (j^*-*. j 4 jU-w* 0 bllj t<_£ yM oL>-f 3 ojjjwsj Oly-S/I *j 

jL?-Sn yi*j 3 i) yii> blij tjL-iJl y iS y^ Ob>-t (jj ^ y^ Cf* Ob^-Sf' ya^j cj 3 ^" bl — 1 

ii y«Jo 3 yO 0 b >0 (jj ^\> J>\ ol£b 

JliJi Ja^^bj yOH A^jy c^Jly jl AS"y <j «Ua>* y y iAJ — ^ 100,000 J- — * — o\p J- — £ 

tSjLja^JJ bi« 2 *b" bJ-b O^^J 0 ^ Jr: . y&\ jSLio l JayM ^lyl5" LaLC C->br 

MJI coL^bJij cS^rty SjlpUj:. li^^f ^UUJl l^u>- ^Jl c^liU^Mb iJjljL. 4^3 j 

'u*y^ 

0 Oj^^rt LftjJ y ^Jl (EM) A*A**.^b - fl^-b j ^3 

la£jJJ bo 0 J . Jaai o^y^ai 3 ^laJ j ^SsJl lJUb y bya^- ^Jl Aj jl jii 3 Ji oi-A j! Aj jjjJl 

.Lj yi oba- y 10 8 x 2 AJyysUl jj^! V 

A^a\ y o J>^*a SiJL^ CoIJlrx Aja-cvly ^JwaJ lij . Ajt*JbJ' o j-i»b^ AJjjyilil ^1 j— >Sfl bl J ^ 

Lc.j Ja-kA* yo* J y- CL-Jbil <^>S* j ^. Jl A^^-l C->b ^L>til 4»vab>* 

cilii 015^ bj . 3 y\ J y>- l$ yS'\^' ^Js- y^i tS y\ — * 

. Jjb pil j\Jm\ y 3 I |1 bjli tj-oa^: 

AjjjUJl ^l>*l 

^lj-*S/b y*~S\ ^Cj>\^ b*bc tb^ f.b, iajtli AJJ ^bi^i j *Lj3iJrf ^fyf 5y- y f.bJUJt yi — *j JLAI *j 

^Uai <j b/^ ® 01 ^ 1 p Aj ^ laJ . 0 Jlj 

. JydU ^jjli jjP j^S" Ajv^il 0 i-fc 





yll jJLf- 



* > 



ji> ^plii ^ ^Ip <b ycs^H 3 jlHj ^JL ^yp ojLp pjfcL U jJlaiaj ^ysbu^S/l ^ ^ 

fi 

1*1 y 01 463 y>r yA Lit L-A j*\ blj 4^~ J L j dyiS"* J ^CbljL*— -Jl ylj£ 05 J 

.^L*jS/ 1 4*pb j 4*bLJrl ^dy I OS/ j£ \jpS- <JJ^*L L^IjJj <_.».,rai j LlupL 

AltlSjn ^1 j-aVl 

0 Lc.j , LpLl*^ 0 j*^.i U t^Jui^i! ^1 y^l <—■ > ^ y s-O-l ^1 p Oy^rj — ^1 ^ 1^ 

Jb>-1 ^ yi 4j yip 4P y* 1 £jpry j 4a> y*il tf.Lil ^lp L^I 4 -j*-“1Lj 4-L*l^Jl 4 j-- yil 

p ojLfcP yJUy <3 ^JUl^Jl 4^-jJkl . J^L-i y-i l 5 yL*ySl (_^L«. . il l ^>-L-*__il y ** 

* 

. ^JLP ojliil J^aiJl y ^1 yS 1 ! y Ja-ttJl Ul* Uj . ^J-f i*- jli Usui y-Jb < «>- 

.jS^JLlll ( J^>j ^ *^1 y? yi 1 ( J^-iJl OU 4^ *-Jrl £jbJl> < *-*->~» ^ ya>«jd A**- dL ^ — >- 

^ yA (_]yU 05 Uby-sA)l ^ ^*1 * (_j 7 fc ""**^ ^ ^ (^ yA ^ 1 ^^*— ^1 ^ y *- * 1 ,! 

t 4 

^lyt c/* y-£ y- yA JyU (j f. j-a 31 jS^y 4ji 4<jL*J if j-A Jl 

4 4 f 

. Jl>-lj j^* <J yb 05 ^LUJl i y* jt -^1 U^ul ^ j> 4j^| t^«bb *)! LOIajjI ^LUpI 

Li ^]aj lil jLwJlI Uj£j . L»-o«s^i- j_j-^ a***A- 1 4^jil ^ JLp ci-JLiil ^J-v^aJI 05 (J>j — ^ 

* 

j? 4AIP ^bjJ ^ CjL*Jl dl^lj j*— ^L-l jJLj tLjUr jL«il 3-51 j> -UP .^ip^M 4 il 

dj4 jLm*U ^|<] >J ^C* t ^ ji" t ti^l 1 1 I t Apj— Jl Jj ji" I^aJI (SL^-Ij « ij ji* I 1 ^ c tlsl « ■» > 

lit ^ ^iil .oCj Ajyb p-~^xJU iLUiil iS" jJ-1 0 ^ ^r tAip^-- ^bj J >r u< 

L/*j* ^80° <Jy^ u*j* ^ j>*~i ,3-jLtjLj (J. 

1° j yb LS^-? t^JLi l /8 45° LS^-? (J^* 90° <lji^ iS yb 

.3607s C jl^l ip^Jl Ob ^-u^il jt ^JUJl J yk-» i-Aft 1/360 JS" 



S' 

^La> 1 ^y^jil (V— y «l--jL>r aJ| ^Jalll JUP ^jJl il^Jb ^TjilA ^_*-ot ■ aSJLj y ^iJLif ^y> ys\ 

2&r y*£ AJbl^Ji Ojj-Ol j^Jai .[^^01 dl^L) t jl .ll t\J r \j .yl U 0 _^^j 

dyljJl O>brj-0l J^l^j ^j^-tio 4^f ^il 5-0 a { Js- tl->L?r^)»Ajl iU*-l .A***>- 

.((1-17) 

^J-ilail ,0 _^Ji ^-brjt 43 LS^ ^ 4 1?.£ -L?y ^or j 3 "*-* t^Ltll 4 j ylJlJl 45^ yl-l Uj J u^- 

i m ^ ^ i / i 

« y j-L" j' «U-N1 Lai L^iLaj| jl dJi^ ^ jl ■ "< jl \_L>Ljj ^ • - 4*1 4P ^ - - 4~1 j y^ 1 l l 

55^ ^i-1 .jl ^kb-^7J AilJaJ! jU^il 0 _>-Ij V Lib tiilSsJl ii j^xIj LlL>- .411. *ll 4»Ut»jJb^ t -j ) J \n'-C 

4 

.ijyl-Jl 4 ^ ^-1 ^ .*. ~> r y jJJ vy (J-*A^1 4 ^j JL>- y> *)} .L aJLL* j>~ U»4alill 4^^™_?ljJl 



t ^ 

U*^r 4>T y4 j^-Jrl y jJJ jy J-Ail 4ij ^U JL?r y" N . Ljaj 1 j_A> 





.Ajjjta : (1 17) 



4^yiLyiVI (J^jL^JS 

& 

4*-jli J jb .^Jajl y* j <illi£ ^yaj\^>- jl L$Ja£ jlS" bl Cr*^ ^ 

^r^ll oljy y jdi .jl^S/lj ^Ujj Oi^y t5^ 0^^* UV^ uy y 

-y y^i j' oiiib oi ^yJi ^jju ** j$\ zx>*j .y ^ ®^>-j c) y y j* ^ a — ^ " 

j j^ajL^i-l oJu& ji . AjliJb jLuS!^ Jliiii J -^-*- 4 ^ ^»L« — zj^/I 

* 

ai*>uil tjj» £ iii\ ys olJu- J flJb«~t ^ ^.M 1 <Jj^ <*r~ — 11 '■^J—^ 

.^*-‘ Li ll) _)SO 

jUiuVI *£■ jutj 4^a.>all Jjiaj cJJjiilj 4jjili 

Apt J ji jt .Uoi jj jjp )IJj 3pr_ji' Jjj J& CjJjxJ' OL^-Sll ,j<a*j c3 t>* 

iJbJl Ai*vaJl jy * j j .(jj yLlj) y iJ jl!l T 

/= i/ 7 ’= r 1 





1 krjli 

T= l/f=f 1 

s 60 Ujji t(Hz Veo) ^ ydl Ob” bj .s 1 Ujji Ob cHz 1 **-y iiy 015 " bl 

.Uii 60 jt s 3,600 jj-dt O^i t(Hz V 3600 ) **kJl ii ydl Ob” bl 

ijllii (AJliil jLuSlb) c jUlliV' AP (jLuS/b) X A^r^i' J jU> A^-^ll jji -k*Jy 

«< ^ 

L_i>L J .jjydb <J jj &r jit (J jb 



\ = cT 



: tS yA ^ jjjJ y^j* 



?.=c/r 

c=/l 

c = XJT 

(1-17) ilO 

«» * * * . 

<J«AjcC. jjJb 0 ^j_j*aJ^ AP ^ ya la « ^ Ikyy* U-mh> yj»Aj (,£*A-ll ^j^k l l — • bj 

^ p-w* ^JU ^3 A*- ^li JjW bl* tAJbll 3 jji y* — 1 Oy — Jli J — ^ 3 jj-i 

^-ull ^ oi ^l>l > 1(1-17) 

(1-17) J* 

Oob* bj . A^r ^li J ^k AipUal <-JwaJl J,! ii yJl OJ .X = c/f^L^S jl^Vl ^ — >■ 

yj^k i.i ipl «/?7j tAp y*Jl (_ fl * j p-***^! ^b lij JUu j asjU a-T JaJ a*af ^ JT 

. A^r jll 

jj jil) 

<3 j ^k> . 3-jliJl ^y* f.J?r y* JL s^t 'Ll* j C->Vkrt_C. A-Jt^-Ji Aj yyaJl r '^* jj—^ 3 

dye a J J-t-i ^JLjj .(Hz 20) jj^r® 20 jt Ayliili » jji 20 J,'_^>- <pLc" cS j-i-J I 



.Hz 20,000 :S^ oJt jjSl apLc- mU jlil OL-J^I Ua ■MM J A>- 

( A-L .AJ ^aJl ^1 J^.^1 aJ Ja^ ^ ^Jl aJ j^zZ (^JUl -la ^ jJl (Jill 

01 ,cj\y jX\ oUjJj y LUJl Ubi y J-^j ty jX 1 jy c3VT a*-^j jj.^1 J\ g\y>Sl — » Jo. — <&-\ 

ob^y ja j&> pf ^^11 p^aJi (IR) y^ki <^ 1 ob^ v — j 

ty yi»l c->U j oUjJLj^IS" Jl (y) L*Ip kcitj tx- A*-i»tj Jy ^1 obi y 

^jAi! ^ C ^ y 3y» Oylyj yS"t iiyj 

t(kHz) y y jk^Jl aJUJI obi yJJ 3 jL^!>U yll olJ^-j 0 y—JUgllj Jl*J1 ^1 

cjjt 5a^-j JS" <±~£ t(THz) y y 1 j>Jlj t(GHz) y y UJrlj t(MHz) y y 1^ — Llj 




4^1j>Sh rviJliJl c^lJl 




1 GHz = j i\ MHz - 1,000 kHz j d kHz = 1,000 Hz c^f JkLkl U_* j l $a*~ s ^ ljj >- ^ 1 

. 1 THz = 1 ,000 GHz j 4 1 ,000 MHz 

Jj± JLjjpaII 

tL r^j* J <o^-^ (*^^*4 186,282) 1 y* <^-£> 299,792 L^^Li j? ap^. j£\ 01 

<p i .5 f- j+*J( 4*j~, \ — k\ .m/s 10 8 x 3,00 jf km Is 300,000 Jj >^Kj uJ — 13 

^^ajy ^jL—f) .^4 j^>kl j*— ^il 3.a,Ua.U , * *k*li 



AIjm Ol 



X * ^ m/s 10 s x 3.00 ap^*JI O^i tlJL *- aL jkft oUUli J oik j t 0-U3 ^ 

^>- ^jru ^ j^t- jli ^IOaaSI (3 cs-j-jaM ap^— ^4 Jit Ip cuW^k-^^ 4 JjUij 3j-Ul-l 

) jP k_jAz£~ ,k — j ij-Ukl AP Jl S_P 4^jjj f, jQaJt 

700 jf .m/s 335 ap j-— > iSy^A <j ^ ^lj — j-£. — u? 

.ill> l ip^-o ok ^ t3i yji j l* ^ liJup . o/k 1 oJLS3 ,(mi/h) apL-JI 

4ii j^w^Li . ^y2ji>«_L* ^jLp O 6 JjS\ Ljf .liU* 1 £.I^Ai (_) ^«.kl 

/ ^ 

jU*J -^3 J ti~Jl Xj jk ^Ji j (4jl ji-\ 4> j*> < js' J 4 jl J jW A» jlj bkipl 4 yjj iS*^ 

4 4 

.d^JLul lJu>- I ^^p m/s 335 

4 

J i*J j-jaJl . 4 dlj'all 4 j Juki A-j AP j—yJi Ijbf A^.^Og ^1 y*tyl AP ^ 

kLig 4^ Ujjy» -UP Ajjjjl ^1 .m/s 10 8 X 3.00 J6^ Jif AP^ pVl^ j y\ ^.U-jJl 

,bU ^lil j) igr jll (j j]g ^^ip flJLfi. AP ^ j ^ y>" 

(2-17) 5JIu44 

^JL ^kl c.L,oiil <j V x^-yA J jJU of ^ .m 10 9 Oj^J- (nm 1) Jj-Ij 

<# * 

Lc. cJaii m/s 10 8 x 2,00 v ^ Xt-j** ^ 1-UJigr Ik- j x^jJ-i djU cJ>-^ ^ aim 500 

?A ?r ^il J jkl OJL^: 13L* 4 jOCJ ^ ^lil 0^ 

(2-17) 4>. 

' yilj AP J— Jl aJVUj a >r jii J y& ^-l>0 ^]l ii>L-Jl X*,*a\\ -k>-'V 

^ = c/f 

Uajf Agr jil J y& tAlUJ .V'-^MI o—* 200/300 J! AP j*j* li C-Oa X£\ 

.nm 333 jf 500 nm x 200/300 JbjJri -k- ^1 j igrjii .aOLu^I ai^J 200/300 



LT 

,f il 



AjLwiIl 



AP ^ J iter jil (J jkj ijjj}\ jf j£\ ^ j iwjtOaJ ^4^0 (^ ^>-1 





i £ ^*Jl 0 L*JUp .L»jk^>L>-j 5iL^si! jf tA>- ^il ^Uj j\ jl a^i Uil . it* 



7/ 



,4a- ^ll Igj y£ ^J| 43ijajl SiUjj Aiu-Jl j&j 4 4Ij Ij 

* * fi 

J*i I ,*>T ^ii J jb £• L*-^Pj jlJl b Jhj £• b Jb AJ y^Z Ji i>r ^il 43 IL? ^ 

4jL»jbl A^sb jJl ol3^bJl 0*1 a J^Jaj ^ c . ^pl Ji\ ^1 j>«lj cIRj cUVj 4X~ A*J*lj cL*lp iuil ^1 p 4^*jjj 
.A^r- SilJaJ La*J3 I y* 4bjb 3 tbb>-l 4jt**Jl J&*J ^ Jp 0 ^1 j/l ^lp 



CjLM\ jSH j (Seiche) J^Vl & jj-ua£ AajIaIi <Ij1j1 jSaV) 

p-~> r . J^r^l 5 J>va5 UJIjJI oljljlA^I J* V Jj L* 3 J~ju JA> ^ L*j 

J# ^ 

.c-U^fl ^ip -b*^*4 (J*AjtC. LLftij 4JL?r 01 tlLb -bb^ t a «,<? i jf c-lib Jgl ^ 

^ip Ja3t>- j^l A** -5 ^ cojfciv? <bt*3 c-lll Japl .AJb 2 jl 1 A-Lj jj-b A-^t-s^ibl dU-A la*./g 

? * ' > * 

A**oiJ f.^*iJl (jl . aL*1^j f.L* ^lp ^ ,1a S;* (JkA^iT, y^.1 )S 

a**5"\*i* oLaI^U ^1 ii j>*sj L*jup . J j]a\ ^ c J^j3l ^VjjT a>-L**J1 a *£ j — > <3 

.((2-17) J^-^) uy L*j l yJi\ 4^UalJ U^i 



Aa.ja11 JUQjl 



A^ j^all (Jliajl 



— \J\ AA/^ — — / \AA/V/ — 



u-3 11 





— / ^/\/XyQQ<f\/~ s — jjUb^us 




-AAAA> 7W\T- 

. diijjjtall ^lUaT) i(jju^j.A ^loJLu*al ^jc- ^ ( 2 17) 3i*iD 




I 






. Oyy* J y^ j\ dJ^JjjJ 1 jUjilS" 4^0 y* aJT ^Js* \ ^ j*i {J*^*^* djl*A3i y^\ 4 «Jt». , T 

c 2 » 0 *-L*£» ^ i ^1 4_aJlj]l 4^-1 ^1 ^x-^jLi.* Jajt yg j\jP 4-«jw jlu. ./?! L ** - • )/9“ . ^ 

o j^>- is y£- . J jS'l 4^iiiJ iJitll ZJjfjdi Jt> 4^JtJl . < 3 LxS^ jL JpI 4 ^; Jjjli clJ»IS" 

JjU~- 4 ^JlJ1j 4jjUU .^LpS*' 4^JlU 4- Jlj liJLPli j Or^ll 4^J ^iiw? ^ip 4. 1^1 

ZJ*fjdi\J>\ jt ^U>*yi 4 j^Aj ^JLj y J^y 4 JT ^Ip oj S" 1 c.j 

o 

^jp ojLp SH L*«>llp .((3 IV) d»»Ltafl3l ^Jii 4 jL^ >x?r^J *^/ iL^^Lj . itlLtfl 

. j l«Jr3 ) I ^ ^li O^ (J^Aj c2jLj431^j (_C A>-| 




plj^V AjjLui^ 4j3k ^6 (J1 jlai ^ ^jjjjii l 1>! Jiilj tl 1, wl :(3-17) J^-i«J' 

. 4_JjuiLujVl 4a ,ja11 J jJa] ^KJl AAjlII ^_y* 




fcrjll :ji* gU\ 



^jU oy .m 10 Jl j>- 1 yb J~>- jIjoI jlT 131 oLiil ydl 3 y- y yip jU yJl jJL £Lc 

*V Q.*,^ y*T J^O*j j?yj y JJ-I bl y* b .jloll 4_3lJaiO J ^b~tJl 4-*Ip05^ 0->b y-*Jr Jj ll 

lC g ^ 

^ y^l lloJl <J$ £-by yib IOjI . byJLJu> JJ-I y>- ^^-1 y^ yp'VI ajL^-JI jJb~ *1 . On lij 

Lil .dJb- yj JjL^ly ylpSU i5y>^ ^ V jOy ^bbl Jl 40c* j!ji*l 4Py OlP Jj-I Jo~* .L £y07 

J*2>«JO Jjjc* yip cJiiU- 131 .ykl Ji** <JlpL> f 44_AyJ dUJb yOo 4P^ .Jyj\\ !l>- 

l$J py dy JS" J l^jij 4>- yil yyb ySJo* . jj~l Jyb yip ybj~ aL»15" l jyJ> y Lp 

^ .<LfcyJ Jjjtii Uu& JJ~I j** LS^ -^®b>- J^l £->bjl yfcy lliyjb* tU^-’Vi 4 j>tj^ OJL o y t 

y^Jy y Jsyy-l yi*j 1 y*l)l fl-l* i iblt . 4 ^ y>-l 5 y jljlk^/l 4P y 1 <wi-pl 40*Ja^ — +*>\ 13^ 

c * g 

jIjifttAi 5-Jliil AjilyJl J$ '•oJl .JJj tJ J 3 <Jp o jg b* uy^* 1 ^ 4jyjj0j Cfy^y <Jp J ^a - 



• 4^ yJ *y jy Jl 0>0?-y tyjLJi 

ay joyJl oipUaj oi tUlf Jlo * y ctJULc o-b" I3ly c^Jbf JSJb> bu y y b « — 5 oj S' 131 



Ljaby OjS"" 131 .(4jlj1jJ1 4-a 51 jlJl) JJ-1 J j!b P 4^kjbj Ajb»l5" ^1 J>il ^Jjl jyLp J-vaj>xJ 4^ ypl 

o?ry .^4 jl*L* 11 4-i«islyJl ^ 4 ^j1j ^1 y*l ^b^ ci 44 ^ ® j* AiLpl a/2 a br.j 4 I 5 y£- 

44-JlJLA-I olybl 4 ^JaJb .^Ab ^yflj O.^ 0 xll <]ajlj ^ju jl ^Jl 0 >ljjO]l ^OaJ 4 j bi b ^jaJ 

,4jU jl5 

,^j^-l yb ^ _^b ^j> g . 7 , b b^j ^ ip-Z^b yjl iS^LjZtJ AS^y^- jy^J 4^j-*^l J ^ b*OiP 

.(Ji^S /1 Jl J^-S/l jl) ^T Jl c-Jbr Jiu; lil A^jJ- Aj^yiil JJ -1 ^2 2- 

y^l y^lll J*^-l J yb ^Jp" d^y^- yLl ^1 y*^/! 4^0o 

ilOj ry* fl Jy>- j 4j>r ya jJLbO . 4 jlj 4j y5 0^J*~1^ 0JJt> 4 J ^Oj P" .yil^J 4P-Jj J^“^ yP OJ-3 y 

ilJb C^b .4 jc«J1 4 ^ jbp“ 44 -^Jl Jbob .jjufcl4b S yu j ^£!^' AjV^jJI y* f «-UcJl AJI 4 JI ol4b 

5* a 

iJOj ^yP ^ y^r jJpl^^ Aji^lyJ 4 </ 2 .ill <4ilb y^»b^L*l 4 ^ ^>wi yi .1 d^yp Jm__P 

^ . JJ -1 J 5 L^Jilb yOjtj OjO-J ^ .C^L^l^otjl aOP Jjlj 4j>r yll yJ7*>bj y^l a y« 5 .JLaJ1 4jL^_J 1 ol £b 

Ab-^lyJ b^juu y5>LAL*l 4 ^ y>r . Jo»«JJ oO^jlJ 4jL^-J 1 0*07 <u5 ^ 4 ^ JJl y^brl <J 43 ibJl ys. *. 

.aJU ?^1 As>r yll 4ilb yt yjj jjli^ ' { -'j^' lS 3 " 

bulbil 

£ ^ 



.U)Lv oL* 3 U5" Jj-l Jyb yip ^'yS/1 -b^Ox t y5 .4jb o y plijl j5y JJ-I j 

* * ^ 
y ilJb ^yP bU3 y 4JL?r cOt* jly^l obi y JLP oljaJl . Ji-» ^1 »b4b Or U-l y 1 J^ 

5y5 Jl j? 4yi P*>b 4j?rO 5y5 Jl Jb^l y 4jaiJ J5^ y? jCj . lilyub" OJbiaj pjo^ O-oil 4 1 

^o^jtdl oUslJI yyuj .4jb" JjL*Sb ly Jl (bD (JLpSO 3y5 Jl f cji 

. A^JfjJi ^ /y 5^Z jg b"j .Jy«JJ A-jJbll a 5^ yll yis>bc7y 




4^1 j* Sit :<*iJl£Jl oUl 




,S^>-I^Jl djj-xJl 3 jjJail 3 360° Ajl 4 



J I ^.*1* **>J ^•^Jj (^1 ^1 ( JJjI1j Lil Ad.l?- ^JQ A^jIJlII ^\ jA' H ^ 

^JsH\ Ji ^ U ‘ ^* 0 J-^S/lj Ji J^ l/ 2 ^ ^ j>*Sj .aIjU Ij 

^PUJ .^j^i-1 A*Aj c^Lwdi? jj.Alj 4L»jli oL ^JLj J^L&ill 4^-^.., l£ ^JjS *^S/tj 

.JjJL v gJl J^L| J?li ^JJj Ji^S/lj ^1 Jl il ^ £_Jt J_J-i 

* * 

LfrjajU ^P AJjlj Cj13Lw«^ JbtJ . A*jl jjl 4^>r jll Ojji 3 jlj JLaPj jllbjJLJt Lkili Ji^rji 

(3-17) ULu 

C->L?rj^ A^Jb Li dj^jl^l dJlAJtJl AojlJlit A? s- ^ ll aL»j*JUj 1 JbtJ ^3"" 

(3-17) J* 

^ jr 4 . djjjjl 3 j jJail (3 360° 4 j1 4 ^ 01 

jJUi ^AjjL^ju oliL^« 1 ^ .,j»j ^*^p Oxj <iU£jl djjjJl 3 (JLjiAjIP'^ 0LlL>^Jwjl •Xst ll 

J - 4 c^f 3 ®**-®*^ 90° -*aJ 3 I .90° jl ajj -2 £p L^ 0 a*j /^P A *. — ) \ $1 ^ — MJ 

. jftjL^ri (O ' 4 ^ (j Ai?j-iJl (^1 °90 «*^AP (^1 $ 0 ^^^ 

4 • final l jjfr £lj»*Vl 

.1 jjU Ml i tu , JaJ l J t * !» «■«< jjP r 'y^ 1 L /*«i ^1 • W* r 'j^' 0-~) 

^ lJj!^ J^*^! LjUij Alw>r jl JXAJ jl l/ 2 ^ ^ 

ia^ol 01 .oJLg5" c-jS3 cl 5 J&- jljiAl ^1 j jJ .^L^J^l ^ — -. 

taLfli . ' Uili li A^r jli (jLjLill i>- 4 *Laj yli A^r jSi Aa*aJt 1 ^1^— — ^“S/l 

* 

Li j^^j J* aJs-^I ^ 1 ^•S/l dAA J.J *j^Li!l ^j-vajiil 3 — 13 

-Uj V Jl^Lilj A^Jaidl jvi^ ^1 j^S/1 3 1-ftiy ^ (O^J tji*- 4 ( a 5 — J 

^aJLJj a1?Lww 31 c^l j-*Nl ^ Lp 3 -^1 ®*x4 ^>«-3l *^tii)l c3-xi jf ^L*^*yi 1 ^1 'll 

.AjuLiJl ^ft> 

Ul ,0jO*xJl ^1 p 0^ jL\ oU.jg.tflllS" 4^uja^ J>P Url ^*1 jil O^^l ^ ]g*/» 7^ J 

JUi >-1 ja fS-J>\ cjLSj^# Ji c^' ^i j- 4 ^-) dJLi*^» w-jS^i j 

v* - 

LftjjJb 4»«^1 0^ C( ^ oljjJb 1 •-; oljjJlll 5"' . jJJJll 0 ^>ft^vvil oL jjLi jJl 






'1 ol 



Jj- 



4 jUJ.1 ^ ^l^*lj 4A-ia^l ^lj^S/lj 4A*J ^ll jrlj^S/l ^ >- yj^oj y 

.AiJ^ 5^ j-4 I A~_w>r ^1 j-*l A-5^ 40^13-1 Lftljljjj A^Al^il r^% 

c-J Jpr .IjJjJ .^Jrl ^1 j^S/1j 4j jIa* ji^l 3 l^L^ J^l -k«Jl U-ft /y» ^lj — 4 S/1 Oj 

1) 1 4 

4AJdt« c jUw* ^ ^l^*lj caJ^ ^1^*1j 2ju jA ^1j-*1 ^ ^ Y J — ^ w# 

c/ (j^J 41^-jaj ^il AA-Jail .Lg-pLC'*' JULP 3 yi]l 3i 4 AoJ^I U jj P ^1 j *lj 

J>JLI1 jl ^^>1 





hr jil j»\ jb : jjUJl J-afl] 



>U 3 

£^lc cO^lJ-l Jjriuo <jj CA^tft oljjL" oli A*r jj* ' J -b^J jl u — ^ 

,U3 dJj-br y\ JlJ jJ /j3 j CA-^r J.1 (J15 k^>S/I 3 /jj j t0^lit3l ,»->» ja.lJ 01 /jj . Aolp j^P 

•(ji^Jyi^^J JpL 3 A>l*Jl ^ftlJaJl / j±, *ja* i 

jiijan 

/ 

A_W! / >dl j ^ .Jjbti JU-iJl t.J > IdJl Jlp S.IUJI jJjI .frill JU- JlJ J»_* 

dJ.U&L2 .l^jLi^lS” OjJjpr ^frjl) 4*U^S[I J Ja-Al yS' ^JtL*a\y& 5jU-i li 

# 

JiJ Ukj ‘. ; - — -“j A*jb j 4 j J 3 ^ ^1 iSjLi^lS" aav^Lp jl .c-j ^^[1 JLp iwi-s^l ^*Jl aiA ^pL .31 j^jiJl j yA 
I 4 JU& ^£^lil JslJI j\P G.Xft O-’br^C £jJL) . <jLa-3l lSjy*l 3 lij^3 <— $ j+0J j ^ jJl i—^^Jlirl 

jL?r J.1 ^^Lib Jt* jjli Jl oUr j*jJl J*3J -L^J* J^l J-J 4jJv»UJl oljL-^ j^j J A Aj l« -b-jj 

OU J <x*Zj> IU yJl Jl J yiJl ^ ^ Jl *~-i .(16 ft) 5 III S^lp jjU*i ^^P^, J t J* JJ J 

dj\^ai ^1 ^*1 dilp ^ JLiJlj Aj ^Ji^ll aJL 3 Jlj <3w^l ^*Jl .Sjj-^Jl C^br^3Ll ^>"^1 i— - jlirl 3 



J yu^l 



. AjLa>- Jl^j C Aj j& AjL^IaJI d^»L?r^C j^^j f.Lll JLp ^ yus>^ djs ilo (J^iJl ^ _Jl 3^ ~-^Jrl ^3 .A-«J^^1 l« 

• 3^1 ^ jJl 3 f .dj\iuAll jl jji dj^j^Jl ^1^*S/1 <-*> J <tk ^x. 

# (• 

.L tup j xJl J^-lJllll C^Jrl ^ jJ 3 I^-st di-X^ji \r ~~$ Jl A?r J».l j ^3 

a A J 7?-~3 tdjv*5^ A3 L%m^* 1 ■» g «i^3 » > j ^ jljJ j\ji^r^«* *XxaJ L».A 1 P 

jl /jOr .(jjrjill f-L*Jb»3l d-L^S - * jl ^|L«jl>-! J&'Sl 1 ( ^ 4 ,a*i£ f-LJj^/l 

Jvai ^LjI aJ!^w-^1 jkLil 3 JLp i y>r y «U$Jj JU-jJl *J?LiJl 3 P^Jl pl^jl Ja^ Jl li ft 

C.~*^J i y*~S\ 3 jU^aP^l *3? J^j Ujllp J l»Jl 3 d j*-*^<Xa c'r 5 Jji"l AJl y~-^l ow^l ^*Jl Jtjj . jUaP^l 

p-^ti~l 3 jl^Li^ jllAy?Lp C-J-b- 1^1 .Ajiv^ljtU Aj^S^ J.1 A/*l jjJl li^UaJl J\ 0>L?r j^v" l l 

Ajj ajL 3 a j3x>» oU- j- 3 cJw?l ^*Jl f-Ljl Jnc c a LJLft a^-L^ c. jbJ j ^ 0 * j ai.i ll j 

.A^>»^I^ Jl^ ^-3 Ciw^jLw* J^-io 1 ^ 3 w 1 ^iJuj CjL>-^3l tciw^l ^*Jl jrjJ .Ajij J.1 o>l JL* j3Jl 

^1^-Sfl Jl ^J1 oU-y j-- c^^jloil AilSj ^1 j^^l objJ* jp AjLiUl Zt^-ljzll g-jLJl j^jaS 

ji*lU /j3 . jj-3l jP Jjil &y$>r\ Jl Ai jjJ> 1 Jl djl r-l j>\ JAJ 1 A.tf.., * J.1 O^Ai3l a — pli 3 yA — Jl 

^ $ * tt * 

£Oj^J| Aij J? 3 j^^jJ 1 J^J Jj jl J A. :r »: i l ^ s^ljwl 3 b ?r jJ W3 Jl 

.(5-17)j (4-17) 3 Ali,Sl! .^T^Jl 

^J^l 3 yjj-* ol jblJ j ryfr>rjj» C^*il»S/l (jAy^ 3 olxi-i-j j^lJl y ^ 1 ! jci y^lp jl J al 

^I^aS/I JIpI jjtftlJ 3j>i Jl Ajfli- La^brji? ^P ^sjl-il J>-l^lJl j Jalj .3 j ^rl <3*!^ All 

jl aij*> ^«iJl 4_>r J. ■ A'i Ji ^ .<.*^. l . i m ^>\ jv* IjL 4 ^JLj ^g . I p I ^ -/^ ^ 1 ^ 

t£- jXail ^>31 plil y jlj-br y l ., ^ . ^a » bjAl ^JJ 5jL>3l ^j^aAi .^j^i-jil j ^>*1 ^Jl i^. LftJ 

.33*3^jj-3l jyl J ^ j jJlj j 









. j^j£ J^Su ^j> jaj jjJ^aII <Liia <a.l jj (jt :( 4 ~ 17 ) 

(1 ^uiflll ^a AjtJalflXall Jaj]-v\ \i A ^JShMuall (jjj Ja^V 

.cj ^kuill ^ jjAiHj AjjlLo 

* 

4 -jl 5 \_*l »»— ~P ^ A^X-yj CjL>fcJi JUt £7 1 Aj\ jA ^LJUli Ijjf ^jA 

iaj ot ©JjiaII oljbl ^U J^JTj 40I yliaJl ^ jL>-S^ ®JLa 4 j Jj — IXjT .L^lstw^ Jl 

0) J 

4 — JjL 5 Jj Ojt ^lalw*o Vj . ^4 c- JjU*lU oliaJii jyu \ 4^Ja~-Jl , * — Jlii 

ji tiJuf 4j^\JLwJ oi ^iS 5 jL^» 1*J! oL>r jJ J>-Ijcj ^Jl y ^ 

t\ y*\ 1 fllla.*' y Jijali <J Je ^ y L ^ygya a> i 

jil c-j-^aJl ^ 4 - 3 L^aJ ,ciU*XJ tJL&j* 4 ^ji ^ y il)l^jt) AJ^Hl Lp- jja..~.j 4 j^jL^ail 4 ^>ULai 

j y[+a}\ ULii frLiJj Ajjrjlji-I j aJ^IjJI ^ jjr 3 «**ll ^-^P ^j-aSCru] c^J jil t_JuiaJl <j l ^ ya».> ^*1 jj l^-ya w, J 

.AjC j c^swsilJlj 4 ^Sl \ j 4 ^jyJi 4 -^pIJlJ 



I 







•(‘-r 1 ) (JO® 10 cJjl^a |1| (J^la ^Uoj i(5“17) <3 ^ *^ 

j-dl J jh jo *j (jc. ^cjU31 (Ja.Ijl 11I ^^all 

tJli> ljl^“ o <lJL) s.Ll> <j\ j&jj .LOsj' 'Oi 0 ^asLJI ^4a. 

t ^ 






_ Cfc^dl 

r-l r Sh ?)} Lr^~ 0^' c) aji^ 1 v---i i*=>U Lit Jpj—^- o\ J> 

.^s-T ^—L-* ObT ^ g***> Lw«.wJl j fl _j ^ ^ ' 






j jLsniJ oLf- j ~*. j 4.al?:* N oLaU41 JJLlj o'_j cL^sluj JjLaj jlj o' ^-' 



£9 

L*jllp a^-jLM 4j>-LwJI Jj ^ ^ Oil .Llj^Jl j^JU o' lO^j' ^JaL«<o .^J ftjill ^ •!-' 

icj ^J' 0^4 L»jllp t- ->LJl OX*' £L*-w*J ^ o' L*Ju p aX 

£j^- ^L*t ?Jj — (J^>- 4jjj ^1? >,ra ll )a~.«^ I {^J[lS' ,^A)\ 0JL1 o' j^i,| <ZJ ^Vf2__]' 







JUi^li ^ J>1 Jb&'bll O j-v^il ^ Ja lw -t lili .1* Jai ^ jA £■ jLa C jtj 4*iij — iaJ 

<j iS y^Sf' Jjbil <J* o Jj& fails' <*-JLb*w* Ja jja£ O j-yaJl J-AI1> ^|t ?L$Jl 

•Aa-jj tL* 0^-* Ja-w-j (J s-* tlr 4 ^ y®^ aJLXs# £* ajj^sj c*~*j tilJJi u3L£jS^ 

.A1P O^vflJl 0\ jl^Jrb br 4 (*“^ ’-^ LS^ <Jy>“ 4-<bj^ L4^? 



u3^Ls<aj l*JUP .^lyjL>yi ^ip ajJbLll ^1 ^»*yJ oV tail^-l bljjll 4-yab^-j cbijjil C->j^a — ll jjU j 

‘L^Ju 4>-jl! (J j^OJ djJjjiJ Jj JLa- $ <y bJl L-3 j-^a 1) t bl A- 1 fijlp 4 a- j . ll <_j\ Jfi r ^>l 

. «i ^ 1 I L».*.«<j c ^* - ^ j^“ c3 *«— - > ^-* ^ ~ I ^-5 ,j^^***a o ^LiaJl 01 ^ — ^-£, . ((6— 1 7) 

^P a j^UaJl ol g\ yu \ 4Jl£>) C.^>N .O j-^Jl ^jal^J jlOJl Ajti j JjL* 4 j^j JLa-jj 

id 

CjiJll j> jjl J t^UbP^I y* oVT j cO.ijLwJl C^bT j—£- j P a j^ba ll j ;5JL «» jll O^Nl 

jA ^l^xj^fl .^yr^Oall jy t Ll>-^/l Ob*" i£\ ^Ja ■MdVj N Ajl oJlf y*>^ l£>\ p*l*i boT .£t*s*-*a — ll 

.jbC* J5~ j O^aJi jUuiil oU 1 Jb-I 




. n yjj« Jjx e i>.Vi JjV' c 1 ^ 1 : ( 6 ‘ 17 ) 



a^L>- AjjIjJI jl <ibU L»Jjp .a ^ ^Jj-^j aL^JoJI ^ 

jd\ Aa-jII J ,bs\& bb~i>r tO^yaii A^tja <J j la 1 4<«*i ^b 

^1 ^jip 1 j*/3~Jla jollil \jjt> i j^S .dJL>- i cAjlJL^-I b5 tbljjil J j-^-l ^ ^ 1 lb J 








J>\ ja\ <j ^ \ .f-Lii Jp i .^ 14 c£^ p-k Uif f.lil £> aJJ .V j-^ 2 — M 
J jb ^-L d~>- cAM d-j JLst (j 5-^U^j 4dk ^UU djL^Ji jplj (3 bJi olia^ dipb-*' l_~~- ^a 
^}y^ £ j** • jf j^-P r C&.J bk; jl jJ 4 jb^l oU^ V-k j-$^ £^*S/1 

£T j*^ *kja3 AJL**-* kj jd J Aja^*^ AJl^kj J^bil A3-3 fj* |*P cUk ^ ^ s-j-iJi 

^A (w^l 4j>r ja A**k /h 4 f-UkiJl yA>*Zj ^1 c_-JjL^i]| (^JL>-^ j] .OJsLi-i UjJ ^ J J ■ > " 

. Ll^jj! J 4k>-^L» ^JLp Ak>-^b <-j ^J-P ^1 <LjI^* 4 I ajJ^ 

<* ,jr 

^Cj JLj>r ^j^dj ^1 £r j*^ J k-d^ Aj>r J-* J ^k 4 jjLL* IJL>t \j^*-P JjjlftJl Jj£o L*JJP 

^Jj&b*tl> . ^ J A - 4 4 -j yp}\ ^lp J>k pkJl Ajjbk .J yr yA j^P Aj’IS""^ ^ « * , k 1 

jJl ^jUo -kkl jkj^ 4 

b»diP .(_£ ^S-l ^1 ^bi*)/ Ad jdsU (jjAJl Ja-^jJl ^jP j&S\ ( j^2*jj b £r^*S^ 

dXb ^pJU 4^ot jJ^ ^*1 di-b <dj-i^ L»jllpj ^OLaa^-L j^liSi di-b ^P-ij ^ dlb d-> J ^ 

^ A ^ ~i /9m l *) y *& ■ ' a_Axk jljjLi^ jlj ^5 , ^>- // j ; ji' >jj — ^ t 

^LaJl dk^L j^-l Apr cLk^j.5^ j i yA j^iSsJ fl>-' dJbJlSr Aj*r 

d J^i “^J - 4 kj>i J y^ ^ L^i (Jj-v^j^' ^ di-J -2 ^j ^ 4 ^ 3 ^x 1 U 4j 

Jj> JC*J6 d>jP Jlp .( jUaJl O j-aaJl o!3 JI^S/l ^ ^jj jj J^jJ' tdki _/ jl. ^ lij jl) ^ j^- 
, jliaiki ^«»-*J 5-aJaJl Lil jZ Ji 4^d>«j> A-o. ^ ca^aj ci 3 tj>^^ ^ 



^Jl O^-AAik AJd»l (7-17) ^1^-dJ! AA*JflJl 4<vi»* ll A k ?-*)^ 4 c-.>.*nya 

4jjJb>fcii 4 Aj^ j>l*Jl Ja ij* Olp ^1 ^*^1 l\ ^^iJl y . L^-ji bd^'j jlJl AjPJcA^a oUjJi 

J (fl.2jf) Aflilj 20 jlJLiX. >JIj U>!)bpV' L)j^J 0 J^-Otjl J (/l.lj^ 4jIUj 10 a£. Hj — lil 

.(/1.3j^ AjliL 30 jl-Lic. ^ i^^aJI 3 ^Jlj Oj^vjj tcp 

-» f <f i* f 

jJ .Li A^tlkl ^1 J- 4 *^! c3 ^3^ ^ 4 jjL*w« Lajb jlkij OLfiAii-l Jj l) 

jUiil a^Ju* j^p3 t Hz 1,100 La^ y (j j 4 Hz 1,000 ^ yi U*iJb-l cLa^daJtJ £~* (J/U «Ju C^3J— p 

200 <4Ul jUiikl orj^ jjy jj^j 4 Hz l,200j Hz 1,000 Uib^ y jy**> ^ Hz 100 ^ 

a 

a^3 ^Ap 4 Hz l,300j Hz 1,000 Uib ^ \j j)?&2- ^ o yp}\ JA>^ o J p j — i .Hz 

jUfljU AsJv AaA? ibjlv- 4 C^ 4 ^-jil 7 k L j OjiPj 44 ^jji y C-J j J S .Hz 300 OL 



JUP 



^2^ 4 AjJ I UlS"j jUjlA-l i^ 4 ! JtoL*v*l .^* jA I yP ) l ^11 I - *k “-* ' bj Aj ^^t-J\j p-i , ^jPJi^xJd ^ 

audiophile Ak^i^ AJloii V 4 ^ ^ ^-b^J aj! .dJUJL^- ^ «Ui 

jLljldl jl>^j . jt jds*Jl 0 jiil ajIJLj j tjwwL^ll JJ ^ <S j±*\ J\ - ^ill ^ad 

s 

djb ( 3 jbw* La^^ j> d-bjj>r 0 jLdi 4 AJ^c* Ja j^d C-^ 4 jb^k^ 

^ * * 

.\^A j 4 L«j b Aj jp jA 6 y^lkll o~3 4 AjLaJ-! J .jAbi' Ula c^IJlj-V 





1.2 f 





1.3 f 



(I) Jjll <j^J (jjiil jLulo jj oAjJlik <a.j-a JjfuSuJ (j±i^ya t3**“ U^J : (7 17) J&kill 

** 

.ajLoIIj 30 (^r) .<jLqJIj 20 (y^j .^jLaIIj 10 ji-iiLaj jjJjILj (jUI^Vi 

l«-6 £• U~p-y» c£ t g > f d\ c> i(j? ytL) gj y* AikJtf- Ui b:> y jb>rj^ b-0 — S 

<* 

(UaJ jJ y^b) j/j X Ubi y £}y' £ 

x=g-f 
y = g+f 

0 

<>y j& I juil j i y jjt> LiiJrlj t y y* t»Al j tjJ yt> jJLSsJb OjJLall ob.i y . it ^Lp Uiaji ^ ya.il dJlA JjliaJ 

.obl—J-l 5-1 y»ri JLP Lp~ij o!-l>- jilt £-JaJb (5? 




— jAljk : £>LJl J-oaJi 

(4-17) 31— 

^ t* .kHz 2.500 lS j>-V' ii J £±4j tHz 500 l^U»-l ii j tjor y bij-U j* y* y»l 

*? jUii-l obj; 

(4-17) J* 

obi y bib jp 0 ij .g = 2,500 Hzj /= 500 Hz j JbJb .y y JJ obi yJl J j — >- 

: JbJl JSbiJl Js- yj jc jlLbp 

jc= =g-f= 2,500 - 500 = 2,000 Hz 

y ~ g +/= 2,500 + 500 = 3 , 000 Hz 

2.00 olii yJl jb^pl bb^JL ib* 3 >UI Olhj ^y>\>- p J yiJ-l j o - — p j j — ! 

.Jljiil ^jIp tkHz 3 . 00 j kHz 



JjJ 



Jbjll ^Ll5b A-xlj^ ^jlj • 4-Lii Li LlI3 jjtA 0>Jj LaJS"" 1 X^ 1 ^ 3 LjL>_*j LaJS" 

^ Jjdl jU Jii* jUl jlifijfl 

4w : «ig OlJL^- .Lboj AJL^r c 3ij Cx* ^ toilil 3 < J-Al 3J 

S 5 

— jLl»I 4ju^2j jS ' I A^L-l c2->Ij£j JbM cliljJU! L« I j«iL> . A^»*jJj aS”" j>- A n -yuS ^jp ^^.* 3 ^1 aS*" 

*JLj cjlil —1 ul 4 j>- j^JLl ^jSor Jil o\^>- s ^\ { y 2 * j . 3 jLaij^l 4 iL~ — * j j — 

lJzjlJzJI As *- ja Lii ^Arv jil JUi! ol^-b ^ia^- 0 L>“Sn 3 .c 3 jl* l 3 ^M 

" J S* 

Ul £ jlJLlJ V' fll4l ^Lp 4 j 3 jaVs* \j\^Ji j^-\ <ZJ L>- 3 <^La-j^*3-i ij jS**Sj t AyJyJlJf As*-jl(j Ls < 2 j\ ^pUj 

3 y^\ ( 8 — 1 7 ) ^ 

tiiii X * '.*.j V^^jLp 3 L«Aip i-Lo jl jl ^-Ul L« jl wiiii j-gj liU 

j c A-J f.1 3 “Aj j-l j . 4 j>> jil c_->! j}a^\ 4w :; lg Ja — Lp 

l ^ *$ JLi j^o l 3i A?^^ll i L«*Aip cA-w^ ^p ll 

. AjJ^jaJl a 5" yi-l oii 

Sjiij jji^ 

3 ^L>r^<kJ^" jl ^A^3 ? aJL?- 3) j -^ i a - ) C£*}Lji“l 3 

jL J uiji Ajj^^>- 3 ^-aS *)L{ f.L«Jjt]l 3 .^oiL^-l ^\ ja\ aJL>- 3) Cx* X — f ^ ^ ♦ 

.L^jL -4 (_$ yfcUi Ja-W-J (^1 2 y>rj 




idJlSll <-jUi 




.<3k.j-all (Jlfiojl ol ajV jlj-a CjI aVjj>11 jj$J t(l) Aj]j]all <3k.j-&II ^ ^8""17) Jiill 

« jlijjgjVl olajl (^lfr (JSLAb ili rtjMi>11 jj$j t (uj^ <iJaj*l\ ^k 



J jJL>- J^3 . w? ^p oU J.P o jLp A^J? oiU-i ^ — S" d\ 

ULp A*-il jl x a*J* 1 jl cUV cj jl cIR j! cjj-M jii ^ y*\ cj A**~-jjaJiii 5 jiJi 

cAj^AiJl ^UjNI J jJUS d)JL^ . jU^l oL^I l$ 1p cp j^U- J^Liu j <^:> j^Lp — > 



4*0^ - ^Uai jljlfcl v~***-> ^1 ^ j~- ^“1 4-pUri Ul*V 4^jj 

£»j . j J^?r- jl £- tj>» kiJ-5-Ai C® iL*j l A*jjb ® 4 j>t j-* Aj Jj (_£l i^iJjL* i^Ji? . il *jl 

jJl ^1 Jl>«jls>«Ij 4 »*Lj aJ \j*JuJl£- ciAA>i 



f jLuiSJl 

* 

Xfct-\ .iJUjjiJl *i y*i' Ji W~i «%«*»■ *»U»J ,J» yj> _^l 5jr jil jLio! Jj jiai jt 







ji t^L*J~i jl^il J ®jpj ijiU-l J **0^ j^s- £jL*JI O^aJI Jl^ 

C(_£^Lp J A^-mjJL f. j^iaJl JiLj .(Aaj ^S4a< j^SnjL*) AijJl AjJIj oLmm^ l)^So ,J Jl f. yp . Jl 

dJjt oULil^l )/ Ajl ^ ^laJ AjLjJflJ (J*^JaJl ^ . j^~\ gLja dll (, I j^l <3 A-«*aAIa*. » J? j..-- ja 3 ^ 

.o)/LL| Ja*j c 3 ^Lsjl ^ja JjJS" L-ij-yAi jtj ^Jl {.LJa]I .**>LLl (j JiS/l SapIaJI 

#* ** ^ 

^1p ^-Lill % Is lUi.>i ,jliaj_j iS” ‘L^jT* c ^Z^Ljjjjjijb ^P JJ /Jlj (4..~.1» ^Sol 4iUa]| oU— jJJbc 

^ Oyn >-» (►*>• ob (oliTl) ^jj Jl y^iJt L.jJ-1 i*U> .u jjaiy y^ 1 fL->-Vl 

.Al* Jw?l ) 



^jAj .£ j*JaJf ji~*£ji (jf ^ 'j& <3 ^^-^A*lil £.L*J lL>«-JJ ^j^AJH^tJl ^L ^ )/ 

-L-^ai djL*j? J Ju Jala ^1 <JL-I .tlilj fJ j^l iju J*£>IaJI ^j a^ Ll Jp- ^ji— *-A j ^L^tj CjIj^j jaJI 

j+*> . m 1 Ji* j*uj m 4 l)' <L-L~Jl 4 aa^a]1 ajL$aJI Jl J&j q* J t® ji>Ll <3 
c((9— 17) J54i Jl) ^-£*31 J *1 J>l Jl *IU ^ 5^ aj jJ / U^P oUi L^aL 4\ oL^_jJJl 

hj 'j* abj? j Jj y J f j j y »XlP . O 2 ji 3^ L^.j.ja.w" 0 0 ^5 wL>r jj ") 

! j jUl ^ aJ UjU^I Jl ^xJ Jj j Jaii t yiai\ ^y>~ N 




tcljLiuiJOw qa (j j^Ti c-^ijall A_*_ijjl djJlSk |jj :(9~17) 
Vc-Loll ^ Kui ( _Jc- ^Uk (JSjIli lgJL9.li ^jlll La 



jLuuSJVI 4-jjlaj JjIju 

? 

^4?:) g«l > -j I^ja^L Cf.^LaJl AfcJaJ LiS" A ]i2 * ^a A Qjy& j AjL yJ ^3*j j Ss3 

tjLaJl L)tj yil ^ Jjl coL ^- aaJL LjLI J — '^y* oLi^j / JL" .aLjJI — ll 





1^-aUsujl \ I^JC-^Jjui AjJ^jJall t^lO 17) 

-A qK-n. ^ UjUAjI laUujI ^jjj 



£j-»2JL U 

, OljLjNl l_)lj L.-UP ^>- l4j S^>UU isrjil 4j jAl J yi (J il SLu* j Ju jjt> t%» ') jl S' 

c . ji .,^a M -UP ^ y> Jja*p\ J5 ^ _^-uil ^juaj liL* .Aj-tPjil Ali—^l ^ Oir 

u-up y (Ui t ^ ^ (i lit ^ iia cviiiir oir iiij ?*t y,i jm j» ^ y-\ ej*>u)i j 

^ip oL?r jJT * OlS"* lijj ^f-lll Cs-lil £ ^1^*1 

L4U >1 $. j-iaJl j!5" lii W ^>1 y aJL>- 5 (j z j-baJl J3j* ^ ^ *l3l 



jajJIj 4tUaA)lj tOU.^Ij c^l rviJlsll <-->lJl 

^vLjl AaLp ^>- t^^Jl . Oba^\Jl y ^ \ j\ yL&\S' jl y**sS~ ltw->l A?r^-.— * j ft 

^LJl 0 y il (3 g-b*3*D A«j*i)b \j>w?Ij J^LJj'yi ^ .o-x^-lj 4«*!S^ $. j^iaJl ^*1 y\ 

5-lil U J>-1-Uj L^jjj aJL >J b .,a»i £* $. £■ ' y>\ J>-1^ 3 A ~^ : j — £-!^ 

jl 0->L>r j j (j j ^xjflj . 4 *jL^ ji.1 ^P djiLs^Jl lj& ^j->-l-i-Ij 1 g <3 ? 4Aj^_JaJljJ 

. |jj>r Aj Jjlil A-j jjail o'^'V 1 J j-vajl J jJ>- Lfti y jS" jil dJLsxlil oULM 

^ ^*3^" ^aj y L»JUP .Aa- jll Aj^J^*l aS”^ 'jJl jl ^ Ajl*X! g.1.1 £\ y\j — 

U ^JaJ y ^Ji <S^ -U-^j - (( 1 0 — 17) 4 -~* > ^j'3? y>*Jj L£tja~~ — lb 

ul> jil <L»JjL* .{.I ^lj «-l3l yj ^J-s^liJi JL>til Ajjl jil oU ^il A>Ja>* ^ .^ja.^lb A >r A-*JL AA 

.AJLP ^Jj Jl 3-1 joe 2 uUT Oj^S" bljJJ 5-13.1 ^3a«^l ^ y ^Jl 

»\\ N ^\ 






~*xp : ji* M-Jl J-aill 






La y* ^Jj 4ibi-i Lg-L* t\ ji>! J5" Julp 4y«-U-jJl a yM j^lal iili 4<LJbj-i oIjijiAi ^ 

3-* ® 3 c/f J j^p) 

4jI ^_j^“ 4 »£ ^ yA^j t y-> V/ ^ ^ T y yP AjUj'MJ yjlyp Dy® - ^ (3 a!j)L^ c2J y>r 

,4L«ISnj Me 

e e t t * % 

*i J&3 <_r3 ^ jd^W ^^d L^JJj' 3^ j 3 4 uO~*^ ^LU — ! 3 

.J£ J-^' 3 jyN' A> ^jaJ £jL 3 yP p-L»C^- .^> jySn 

D ,c.LJL*Jl y >% j (Jl j^Jl I -La N <-y 1 (3 ^y*d l£^ — ^ l — 4 

y p jjjLlii y« l-L>r 4-JLp 3 4 ^ p3»i ^ip 0-L«lx^» 4.-..-..J g ,^ ^ i>l J A^jL 3^ fl^-1 

^ ( ® J 

4 ^ ^ftjcilj ^yij y* oJLi (jjl 3 y^*-^ a-LiJi 0 j|l ^\ y\ 3 y**z^ <~y J>*\ L$ — L*3 

^JS' Ailjail j a^UJJ yju» *Lj3 cij jJl>- y- _— ■— j oijjA- jf cuLi y^ y Lij .aoL* ^L-D 1 c.. >-.l 3 j-a^D o-La 

1 ^ ^ 0 ' ‘ A*** J^JLa *■,** - ^ ^ > i 3 yl^-i 0-LA 0 1 y*« ^»P ^Jl 



Aaja jl 

1-La yP pjj ( i <— j! jl CjLi-^Jrl ^j- 4 3’*^'^ 

.4 Z>r y* 3 J^y 40^ J jj 4 j y ^ijl 4illa ^ Jj>r y . 0 y& 3^-^d 3'J-J' 

Jjlflj 4 JJ jSilj eAiUfllt 



oJla 2^-1 y]\ aJ^JU ^vJ? ^5" 4ilL> J^3i jl>-I j j y 3 ^ y£\ ^1 £J j ^ 



! 4i>«vall 



e = hf 

<J* 

Hy 4^- ^il c-jl ^Ja .^1 y fj 4(3 ^ ^ (3 a ' y^ 4il)aJl Q 

.10 34 X 6.6262 Lo y£ j y&j 4 dJjyb cly i—^yvj OjIj 

DU 4(4-JliiLj j^LL) jLi^j! 4P cy cL* jiic* (yilj) 2 o?- yll 3 DIS^ U1 

e = Ac /2 

I L^j^^ ^%J' UlJaJl a]^ - ij 0 y y^\ 4 >y 3 -Xj -L> dl 4-flj L-«Jl 4« ««^1' s - y oilp| y^-C, 

2 = ftc/e 

5? 

Lj yij ^ jt *— j he < , j Oli 4 j ^-1 r ' s..^ : U j$£S\ 5. .^*^1 s..^ :1L 

.m/s 10 8 x 2.99792 L je ^ _,L_j c oSl 10“ 25 x 1.9865 

(5-17) ^iLu 

d' .. fa«H (j nm 550 ^ y _j* i3 iiUaJl L« 




ifrUsailj niJlill oUt 




(5-17) Ja. 

£ .550 nm = 550 x 10 -9 m = 5.50 x 10“ 7 m ‘jb — .1 JI nm 550 Sj — *- 

I J> ii^Ju iiOaJl 

e = he/ X/ 

= (1.9865 x 10 _2s )/(5.50 x 10 -7 ) 

= 3.61 x 10“ 19 J 



(6-17) <1— > 

y 10 25 x 1.000 killc olijj ji y 0_J^J y~)° J <-- , l J rJ a -*’VI J_ji» L» 

? >i a siUaji 

(6-17) Ja. 

I4iljaJl 4^- ^J.1 4*^/3 ^.b?xi**J 

A, = Ac/e 

= (1.9865 x 10" 25 )/( 1.000 x 10' 25 ) 

= 1.9865 m 

* 

bl jJjJl ^ jJl ctJLiSo: .(VHF) iJbs- 4 JUJI 4jjo 1 obi yJl Jl£ ijm> 



cJpLIiait JjJiit ujjtau 

o\ bx£. 4 * — ^ VS^ 4£tp g. 4>J>- 0*>«-»v3l bj i^^ll aJj^o}\ 4>jJ-l oU j > ji U; 

nf 

4c3l5^ 4*l?b* 4 j-jaJl <L* Jp- f bl . joJl j' oIpLJI jt jjliJJi j! <jl yib t$~-LS J—&. 

* * 

bl AiUsJl b&l yx£- Jb ju£ j oL»^*^Jrl dUj& i^u X S" /^S 0 r . oliil; ob^JL <J-b*.c. L^Li^J ji 

aj ^^ aJt ^ N 4^S0j -^1 ^U* — ^ j m/s 10 8 x 2.99792 4 p^ — ; il J — >o 

^ (j Ls^ajl 4 j ^J i; 0-4A>-l .£.lil ( ^ip C^JJl ^j^oJb jL+Sv y/ ^g.^1? ^iCil 

aJLp 4-jjrM 4jj-b)l oUl^Jrl j j-^aJl j ^ il JaMJd ^ J Ot AibU J &| 

jJb I 4 <1)[ . ^ jil £. 1 1 4or jjJ <LO 4*. .Jail ^lp <j 4j.b J .4 li l ^k^Ljalf ^JxJl O^^b^xJOl 

» 4j O wiji / ^ la « < ** <nii l fl i/O ^ 

£ji £~>\ .Orj^/^or Jl>- J>* J- 4 ! ^ * 0 *T £>JJ jP^il ^ ^ j ^oi 

cJdb 1 jl5" j (jLili 4-j Jp?-l>- 1-rf y^> j jJ li 4jj 4^*^>- 

.41+*^ L^*!! 4 4 ^J L aII C5^ bOr***^i $■ li <-)l ^ y> ji J*< a > |*J; J 

b| Oi^*" J fl j (jl coUttOr ^j^ 4 U^^- 4 f-j-^2 il l) 1 — 5^ bl 

^JUi 4 J? ^j^*' ^l^lJbJl JtSLil <jl Cr-i j-*^l 4 Ijl jai c, j-sa ii Jl 5*" 

j» ^ 1 # 

^Jj^lJLli! Ja ^ia>- o .(-^1 ^ja-^l 4j>r J^» jjb (C-j-^aJl :L>w?lj j\5*" 44; ^xlll oJij b»JLP . <^j jbllb 




krjit j»\Jc> gU» Jl 



Or yuil OJ-ty UpIJj p-J J Ujjy:. C-A- yul Orjl jl Jl jwJ l((\1~17) !') 

jj-J Jajp'VI £• dJJi .JLiJl J J?laj Jl U> -Up l-flvbwj cJJfj <-yjluilj 

.c~*Jl \Xa ^>- tglJ£ ts j>r ^)1 o U y J -l cj £* Ji^/l Jp J ^o U r , J-t ^ J~- ^a 

Jl 4jjuj (_£oUl laiwaJl ^jP bL* ,4-^--*-or 4j>.-Jg f. j-jail jL <_£ ^pM t^jbr 0->w3j O^J 

jl J Or f- jjaJl J-* ?<U-Jt4 <_£ Jw 3 (oluSj) J Jl oUail OjlSJl C-iLi<lS*"l ,jp bl * 

Jff ^ suUa^ jJJLc Lixi $- 4 ^ 

Jp ia£ jL UL j t j y ^Uo ^Jp yt- 1 jjl j J (.Qytb OpIj y ^jflJl J>iS (_£ ^Pr 4jl ^lil 

o J-l C-J15" J ^>- «Ja-Jl Jp JjpIjuII Jp Jap^- Op } 4^->jUoJl oJlfc Ji* j j>r\ f ?^L-o- pja-^ 
JlJJl jJaj (Ui: J5" JaSi Jj>-I j ^ ^ja-JL ^jja*a> Q.«^: lJL>r LcLp ijjl J*Pr J J^p- . <uLw__j> 

oJLa ^Juj .((12-17) J^JJl) jLjl wJilS" J^Uo ^jJl ^ o JL *j 4JLjaLlj 4*JUail -l? J Jai-1 

. oUail olJLi Jpj y L^ij ^aJ iJyluJl ,j\j 43 LJ.I JIp bUlpl Jl^J^l 

Or ja J Jp JLp bUip| JLaJI Jp Ja^- oil y jjiJl a-Uj J* j5 bl 4 

t 

c jy U Jl 43 L— Jsl jl Jj>- J jS> <X>~\ ^ j c-aJ” ?4JUaj 11 t-y & — Jl 

Jl oliy yjl jlaJ jl JLII ^ Ja yjLill ^Jp jl ,f <uSU N" J "oSj” J.I " 'Kj-jJ' Jl^JLj 

" Jjj" <L~A ^jJl j ^^-^p J^-io ol jsJtdl oJl^ J* cJ Jl J j^iuJl *^5" d Jj ji Ja — 

*£ ^ 

^03 ^oJU*> ^ jJl ^PrL^-1 ^ f. j-^all ^ o^jiL^all oU y ^jjJl 

^-iJl v>jl-4 jJaT /'(jJ jiuiw* <w^> yt«-4 oJl JIp JpLaJ-1 Jl>-Ij Jai4 xjai— j M ; J j 5 j”!- J 

. 4 Aya;4 4-jJ ilJbj'Vl jb to ^xil f-ljJ J . Lsiajl ^-^jJl j\j qlpI jail 




t jala. jjLiJl ^ ^jj Ujlijajill jjj-o -ijp -(11 — 17) J£-u*U 
.^l^aVl Jalijj 4^ j um Jal^J jl£oil gy£> 



jSLlj a]sJ\ 4jli Ji> O-^rl bl j j£o" .Ojj^vaJl AiP l-L* j J,i 

.4— 4j^^t- j/I 0^ L«JIp 

1.250 lS ** j j kHz 400.0 ii j jl5"j cU^ ^ jol j *1 

VjUiii n j j£oj aJUI obi jA\ ja <j\ cMHz 

kHz 320.0 (a) 

kHz 500.0 (b) 

MHz 3.125 (c) 



MHz 0.850 (d) 

?<lJ j\? ^\ ja\ S' OjLp ^JbJl ^1 jaSI\ Js>Lci !^\ .2 

obrj^lH (a) 

J V*^ (b) 
c3 (c) 

i^ r S'\j^S\ tjy s. \*,aa) \ 4jilJrl ^^S/' (d) 






jit ybljfc • 



?HZ 500 jJ 4-jl^Jsu^l 4r>r J jb jA U 

mm 2.00 (a) 
mm 20.0 (b) 
mm 200 (c) 

.oL-^ixii ol* rj» ^ ^ (d) 

?l»JapS/^ al-lX. £3 jIj aJUJI ^ (3 

d^«.AxX^ Aj jLx ^5 jJwl g-^o^aJl ^ I y*\ (a) 

A^jI j}a^\ ^4Aj* £.1 lJ^^“ ^4^' 4-JLp 4-J y& ^~\ y\ (b) 

.(.[b *ij\j J y>- AAjJail 4 .^.i.i>«j> aJT ( c) 

. jLijWkJl d<X& (Jj ^ L fc*w* «XX. T* 1 jMJ *)l 1 V«ij wi^t-wi-W (d) 

'“~ o 

^ ^Jtj &~U5»r £ aj ^ laj jCXj 
.J jjbc A^UaJjl JJ.P ^*aJl ^IrJlJI aJJLo 4^JlJI Jaju^aJl (a) 
. vail <3 4^LJl ^b) 

*** ^1p (c) 

■£ ? <j*y J4 ^ jy*j^ <3^ g^ Md (d) 

^Lsiajljt (3 j *~ r .’.: • 1X1 300 ^&**rj* ^JLt 4>r J* jA L* 

.s 10 6 x 1.00 (a) 
■s 10‘ 3 x 3.33 (b) 
.s 10 6 x 1.00 (c) 
.ol« ^l*il »ia ajL-j- j So:. ^ (d) 

aj^Jl 4_Jrl i*- _jil 

. *L»l5sj d ■« \\ ob: ji\ JU j Oi* (a) 

* , 

.wb-lj 33^1 (j <Jbya}\ £ j (b) 

.aJLp AjLI? oli A?r y* (c) 
.S-AibtL* iSjff oli 4sr (d) 

5iliaJ( 'j* 10 20 x 2.754 Ifr*-*!- 4Jlc oUy^i ^ dj&i s- 1 ' *>ry J_jl» l< 

? ^J-l fUiJl (3 
m 10 6 x 7.213 (a) 
.m 10' 6 x 5.471 (b) 



.3 



.4 



8 




J'j itLiaiJlj ^ -1 j <— »LJt 




.m 10~ 45 x 7.213 (c) 
.m 10‘ 45 x 5.471 (d) 



?Hz 700 .aay Q>^ >» j JT J 51 >aM UU.JI ^ U .9 

.J 10~ 31 x 4.64 (a) 

.J 10‘ 37 x 9.47 (b) 

.J 0.00143 (c) 



• OU y ji \j j*ai\ obi (d) 
.yiJl i_*bWl J} Ui yij m/S 335 ip 4-j^vsJl .10 

?Hz 440 a 'jill ji i>r J_^l? _j> U 

m 1.31 (a) 



km 147 (b) 



cm 76.1 (c) 
.ol* _^*l! o A* 4 jL-^- ^fs. V (d) 





^bulVI 



dj-A ^ ^J| jl ^~L?r b jJk*0 Oa b-k-w»Or ^iji.1 £ j,ya)l l)Lj (j* y£ bfiS£*t 

o * o t 

l */z >■ g.^*i<all,t Aj « lb aJL^JT Li? !«bi*J 1 g. . clALj^J^jilL olAj<»»., Jyl 

& 

. Aji b il AiljaJi L5^ <3*^*1 m ^ aL ^'^b f J^' 

•"■■; •' 

• • V'" , *- , ' , i' , ’Sfi<2*i i .¥? 

* jJkl A** JbJl £»,.»> 

>U 

>1 Aj^^t b i m <mi*» 

^ . 0 ^ Aftl — -» 1 - \iiin»iii iif 

•■■ '~ . ■■'■•’• ■ ■ V ._■ .'.' • .. . •' -.. '^ • 

AiSLuJ 

^^SwSlisiis^^R 

.!«■ II— I jfl l^ 1 



oUlwJri j ysJ .2b«*JaJdJ j g. b OV! J^bbl A^bll A slkD 

y^kuil ^UaiSfl gL- if .iJLj—fiS' Jj ££ 5 Ub£ coUjjjjj Jlj 

L^L§ C^-3lS^ Aj ^5 (J^jLA-I l) ^^j b*J-LP . -<b^ jJsfinA 4>* 

<< 

Jj&- bjb ij^Svj CA^jL j^SnJIj Jtil (J jjbbl dJLi ^JcJ L*jl 



oljoL" b>Jj£ .A^bbil Ju yLdlj tb«5”bcAl JaiUil c^Uait Ju ^jsb?^; Jl^g 

£ 5,55 ’ S' ’-•- '" 

3 J ■ k 4? 6 jy/23 C^Ub--* ^j^*J L^15^J oj-A JwLj . bb Ajj^*-Juil ^b* — *J>r j} *j| A^bJb . — A 

O. XbJ l ^jji di C/)A A^bbl dibj JjS* cAP^*o J jikl dj»A <bj-*<b ■kjfjb* 

-<yU V j£bo tbabll j Jji^l -b? t L> j]aj .1^^ ^ 

5* 5» P ««?> ' w C u . pl a >1 'i#', 

yJJiJi J?yhj>- j .uJUL^Ji <J y>- \y«^a*** *yj&- 

bH 3 j* .jbjl di4l 

ji jbJ^ g-LJj j jxIj bwLLP ,AJL>«.bJl ^J-v^\jjj Aj j! ^a // 

. A*1a ^r, ? «,<a,T 



cO U m i j rtj oUl 




L&laSi jjiaJi 

jy& lM Cf- Jj^^ 4 Ov****^ Oy fjyxzlf ii>^jJl ( jS diLJ\ (J jLiii c^-^Ji 

JiJ-l ^Uaiil j Ljj 3 JyJ-1 oi> f-Lai7 .(jvjajl ^‘L ^$5" J — i>-j ^ J. 



A2- 



^jL ( jvLii-l /y* (_^1 jl*L£ Jii Jo»L>«jj 4_L> ^1? oliL-I jLSij'y I ^SsJl 

.g.lvaail (j 01^* 3 ^La»J ^1 p 3X*Lcl* 4JbLi dJLfc (j J 4-Jb j^^>\ J jJL^-\ 0 j£s ,oJ >• 

J*ji*>- jj-* ^ ^Js- U^j-*U- ^*JLjl j4^\ J — — >' at — ^-1 Oj — £o 

.(1-18) j£jJi f j c * -*-» • jL * * L ^ 

^jLj$£ 1! (jiiill ia_^aik. 




(ji-^l -la ji-xiw 

: fJOalajjUftll 




jUm^l fllaJjl 



4j121a]! ^^jLj j ^igiilaia aII Jjajuli Ja jlr^ 4j j5ba 4 j i » j ln^)fr£ 4-^.j-o 1^1 IS) cl^dtt 

. j-Lt-v \1 ^iC. y Ay a ^jA (JS Jc. Ic. (JSuoU (JiaJI (JttVw .(JjLiia J< >* » oO-aljLXaJI j 
t^T JiU J jf iULJl J 6j>^ ot Jail ^ ^ ^1 JiU *LiJl 

# s* 

^ yjl lJUb f.Lij'y Ip 4jaj^]ajl 0| . 1 g"P j*-» j^i O' ^-*^5 O' L/2j' ^_| ■ i 

{j>- *b^' ^ Uajl JlJO 01 jSs£ .^L Ji^i J (ac) jk7 ^ Jj — aJO J— -* 



Lj h 
—j 



J3j 



(S j\~* J ^ <*1 y& S' 






Jjiaj JJjjII 

J f ^ J |^ j I ^ ^ 4,I«,H»M|, !■ ,11 < is ^53i j-l _)— ^S'I Ji^- 



t ni's 10 8 x 3.00 Ji ^yiSO SiU- iJ*il Lu ^.Ju J>^.> .2.99792 x 10 8 m/s (1.86262 x 10 5 mi/s) 

Oj^j UJLlP .^3 j ^- I g-l^ill j 4. r ~.lg 4^ jii J^ls» ^ygfl) .4^U ^Ujl ^Ai 4iP 

** |S 

^ OjSj t*-Lp j .Lj ^ km 300 ^jil 0 ^j tkHz 1 L jL^* 4 aAiM_ -Js^^li! isrj-J.1 7 

mm 300 4?rjil O^o cGHz 1 j£\ o^h L-jup .Lj^; m 300 i*- jil Oj^j tMHz 1 

** * 

‘Lj mm 0.3 L ojLi'yi 4 ^- y J ^ 0^j tTHz 1 j£\ Oj^j L*jllpj .Lj j qj 

K> 

Ap Jl IJj>r o 4^*rj> 





— \jZs> ylbl 

j£\ ja *. j ^i yi Jiykf £lb *THz 1 y j£'\ v~ b* ^$^bi ^-yii ^y byS^ b)i j — 

^yaAj JJ y m 10 10 fyy~*iS!i jy^s> .(A 10 5 ) 0.00001 <ilUj o 4*->Sli 

o yJ-i (iyy^**y^£-x) Ji ^b>*i** * 4*]b ^iySfi Jiyib Ji t \ — *ixJi 

jJbJf ^*y (_£ yP 1 oi^-y fb^/i ai-fc ^ Jax j£-ioy tLdxii J -dai .A 1 by]? |»— ^- byj « 

.1 nm = 10~ 9 m = 10 A ji <1 

sb/gili (j ^5"" Jib- 4jJ ykb ljJufl> 4^* 33 yd] £->b5T 4 jbL*Slb IjJJL* 4 X i>r yii J yl? Aju *0 ji 

tf*>' 

X = 2.99792 x 10 8 // 

./* >- J*-' ‘>V fj s' ^ J*-' ^ 1 ^ o.»sflj 4.W ■» <|<J 1 i ^* 

(mm 1) y JL>* 1 :oUpljaii oLbL jTjj .y y> buA-b Jy y ybbb X J*-i yy cy y Ujb fj 
.m 10 9 (S yb~j (nm 1) y yib ly d0 6 ^jL-o (|im 1) y y^Jol* ly cm 10 3 c£yb~j 

y yU f.Uai]l J ^~~i? Jib c yib 4 X 4*- yli JJU £->b5" 4y y£>b (f 33 ydi 3i- — v? ^ — U*j 

:<iLJl 4i**aJi j Xy /j& Ji^i 

/= 2.99792 x 10 8 /X 

/ tM o' 3 ‘S' ^3 ?J* A 5 ^/ cM y» flb-fc J-oJtl** 44ijL*»di 4 ibM I -aS* 

. y ybdb Xy yy biJrb /J?J yy cy y^JJib Xy y y bulb 

SjjSs Jliii 

V .fyJi 1^3 yu ^Jl iSCL-^l o^uryi jJaJ Jl il^Jl j ^J! J yibl :>!__* 

Ji 33 ydi ja j£\ 33 y Jl 33 ydi 03 b j Jup ^bui*>0 JL>- jJi jSCaJi jy*$ 

ji (I^V) *\ C-^* Jb ^ .<fjySCtl/ £ ji -yb . 0 Jj wl>- Os-ijj b >li 4^y-!>Ua vs>^i 

.(Y) ULp iui.? jT 4X ^ C (U^) (3 ji i^^i ^ 4 ^ Js f. jbaJi UJju Jb ."a ji ybl 

cj! 33 y ( y* J5i 0 I 33 yj AmmJ? j-^bi Jy^-i i^riyj ji 4*)by Jii J ^p5*"L*> Jx ^ . „ j 

«i> 

J^" ji 4<pbw- J^" oJ^-iy ^yflJ ji Js> j-^bi ybb ^y^?. cb Jij .Ajy3i Ji oijLi^fi 

^j^bi ji y^Sjjdi ^yax J .A^Irj , 4 JUv j jJL» J5^ 0jj3 yl 4AJ«> cjbf J 0jy3 yi 44J J 0jy3 ji 

.oaJi ji j jy yl jy-^ ( x-Lj jiy3b ^ ji>“ Jb y oi y^ij 

+ * ^ 

<U* M j ia jfr&i) AajaII Jjla qAJu 

jLpJLJi Jb4i . 4^^ Jg j^^bi ^iy*Sli <J iybi Ji-^- | ? y ) yJ ^jjjLPybi ^yliii 

(2-18) J^jbi jy^! i^p Ji-^i j Si Jxjb 

^o#S/i J jb o^4b jJJ JT Jbu , y> 10 12 Ji 10 8 y Jiy^i ybi» yy 








-r 10 8 m 



ac Alxi jUl 



+ 10 4 m 



4- 



c'>*' 



10' 4 m 



1 m 






-r 800 nm 



700 nm 




1 0' 8 m -4- 



x 4*jA “t 



ui£ <jlA\ -L io* 12 










1,4 600 nm 



m 



500 nm 



400 nm 



300 nm 



m 108 J j^\ i> Jl >Sfl ajs c ^ill UuUI :(2-18) JiiH 

- j ■ <ja S^)j£a <Ljj jj m 10 (^Ij 

(J J? oj 4 .^Lili i-JUs» Jui ^ y ^lull 2L^J J jlJ Jl y J 100 ojlJ — aa Ua — ibJ 
‘yLill aJLpli j Lj Jj ULp AjS\ Jl jLiJ .IJbr j>*T yU ^Uaiil J Hz - 60 ^ y)l C>l: ac *>r J — - 

s» * 

4jt]a3 JaJii JjcJlo Jl g. j^iaJl Jl Lj* ^-3l Jl ,IJL>r Ijyw? yJ^Jl L^I^ry* <J J? 0j >■ 

.(nm) y* jjUlj ^y*JI yLill J aJ Jl ^Jy^/I JlJ?l Jl jl-Jo ^ a^h il y* \jj>r l ^y*/? 

!dl> U jJUfl jA 4 

t J Jl g. j4aJl £"ly»l (Jl J?Ij 4.LL^.ll ojjUJl 0 <J^ J J-v2 >«-U 

<( 

Ji4 J^4 1^4^ <jJ -y^ J 3 jJ LiJ J 4 jJa 3 yp 

JIjJS/I y* y^U. ^ V Jl ^JySfl Jl J?l y* <3?-^ J^£ jjy ^ L*J 

J y^SU J^Ui yp ojLp JT ojo <, yJ yli yP x^a hjj xs- .yliJl y. 
y^l-Jl y^-SlI yJajj ty^S/LS^ y^SlI c^j-xS/li^ 3 jjV I yij .y^S 1 ! y- 







J&rjj jl Ijjl j+xj Jor JJ V U^J oL^rjJj 4jC4^ L > j^S/VS" ^ ^^-S/l jl jS/l J-LJ .(j£^L» J lS"” 

<Jlj^-Sll Jjail J 0 clli-pl J j-^S/l j JJl O-JlS^ J . j JJl ^jUj (3 la j jju 

. jljSfl a^Ua.4 

Ob ^JCyStJl ^ 2lo JaJl Sj^>-S/I i jLxP^b 4 L*I^j .,« Jg ^j3l ija JlaJl Jl^-l Ju P 

I ^•'b/l (Jl Jgl (J^-^ - ^ ^ yi • j-^“S/lj 4J J-* ^ < *—-' , l 0>L*wd»P O-J IS*” 1^1 L^-w» ^\jcL**i (^Jl t g i «* fl t 

J J* ^aits" nm 390 Jl ^ ^JU J J? J jk" L JS; nm 770 y L±*i> \+~~J- ^ — Jl 

0jy^ui}\ <LJ Jl ^1 j^*Sll (Jl J?l jJsj j c L u-pS/ j j^“ J> JaJl <Lj J l ^1 j^S/l (Jl jJ AiO? jJaJ .Or 

( jja^-^fl^ t JL^S/I_J t JUijjjJl d)l jtj l »» ^JL ^Jl O^rJ.1 (J J l^Sfl j Jzj . l«. <«P^! Oar »■«■ - 

. JJIj cJjj^lj 

( 1 - 18 ) AJly^ 

?A 7400 j-» J J? £JL jj^S/l j JJl Aj*y>- ss j ja L» 



( 1 “ 18 ) J* 

7400 A = 7400 x 10“ 10 m = 7.400 x jl .o- Jl J> siftJb ^ Jl ^ r Jb^,l 

: Jbil JSJjl JLp j JU Jl .>uy ^ J . 10' 7 m 

/= 2.99792 x 10 8 /?l 

= 2.99792 x 10 8 /(7.400 x 10' 7 ) 

= 4.051 x 10 14 Hz 



cj ojLib aJjU Jl IJla <^x» jp 5 dijllap^ .THz 405.1 o*JI «Ju* ^ jL- — " 

fi 

ja jg f y^S/l * Jail •>:> j jl .MHz 100 Uo.> j ^JLj Jl j (FM) b^ J J 

.o axj jL 3 jLi*yi ^3 



( 2 - 18 ) <iuu 

*X>- ^^jUlil olxJl 4^*jjl Jfl>- jLj J-l g-lja^ll (j Ja>- Or y* J J? U 

.(oU J ^ oJj) Hz 60.0000 ^ Jl 



( 2 - 18 ) J* 

Jl aJ^Aj Or Jl J J? ^Jbxl^l 

X = 2.99792 x 10 8 // 

= 2.99792 x 10 8 /60.0000 
= 4.99653 x 10 6 m 

Jl >^rl Jl ^ Ja^ j* oLJj jtu^i J km 5 ? 000 Jl y- jjJi (j jL~ — j 

. Ljj '» £s\ js- Lu. 




yjllj c*Uai)lj cO U . j »« J -lj niJlill s-*^ 




ELF JjSa. 

J yt) yy ^ y J jt <jj^£ . A^t j4^" ^yi>- d^rS/1 y 

JjaJ-I aJL» L^bj y jj .A>yj>l Jl o^Uaj^l ti~JJ L^LiJl c^ljLi.^1 Jl jJ y y Tl 

*>■ 

.ELF 1 yt Iia yj /-u- 4^ii>L> 

ELF jfc L» 

• W y kHz 3 Jl b -ucj (Hz 1 y Ji!) jo j jup\ y tty ELF <J *+ — t Ll — j 

60 jAA\ ^ UJl J lpy-i ^S/l ELF Ji>- ^j> y ^-Lj .km 100 y J J*f v*-y Jl^tl jj-b j — *!y 
<3j ©wbsLiil oL^ Jl (3 a* 1*JI USt y^Jl A^yJl At-ty dJiA ELF ^ly 1 jIj-s^I y£ .Hz 

olji^-Jl Ait> J yjrl jJllC .(Hz 50 JjjJl yy J ^ Jl jj^>) .ci y-Sfl ^iUJl Jy y JbJUil 
y^j'i/l c^- ELF ^1 yl Jiuj ,oU»l yit jCaTiAJ ELF At^ td<A>«jt oL'y Jl Jj c£j>^l 

.Jpty o>b.i yil -Up Aypi Jl j- 1 yty Jliil y j£"l 4JUij till j 

ybw'yi y*j t fMp^l JjL - j y aJJ <^Jt)l j U*- JJ y//£ LcJtJ Uav>i .5 IS 

J x AxOl JjIjS*" ELF J-A>- jj . A y .« J? aiJsJl y J^tJl li-fc y y jjP j£-Uu aJ> j — sAlU 

A*-il ELF ait A*-iJ ^ J . Ij^S' A^Ip y£ 1 g ,al7 J bl Jl j y> Jl jl y>J ^Jl cl *lp A* j»l 

c^L ELF J-a>- J . c3yjl jl ^ cAiJS^Jl IR A**il J jLM jit j— o aLj^ — L i UV 

ELF ait y» aJLp ci^lj y *. t . jl»S|I Jj J? y^ yiil tbijli $,LJUII yajy cjLio jJLSi . ^pLr-j-I tLiJ 

AvvmmaJ l i ^ yv<? ^1 , AwIL^ A>KA>bv^ ^^^1*^* C— *^^*a 3* 4.. « L? 1 1 jjP ^ a31aJI ^ ^ . i 1 1 

.5^1^. A^ai c^tT 

4-alxD CjI JjjaII 

4-^va>s-jJl d*>l y ^*^^Jl J ^A>«JL«**Ll ^ yjl y* 4 1 ; Jl Ajcj^l y*jl ^LrJI ^Jp y*^l jL^-^ y 

Ay^t ait LUi CRT y» y . oyj" ajIp^ oyJ ^1 ELF objy J — >■! a. uS^il 

aUaJl y yi^jl y y«^50l y ^ y-^l fi,ly-^l gsj ^ .(tii ELF olw y y- — lj — Ul obi ; — i 

.^w-L-l A^^wt ait aJUJI y O jI y y^^oJxJl ^ . A^.».t y^Jl 

J>-b <j£ jyL-yJl f,ltiilj olijy$li^l ^Itj jl -Up jyP - Jlj jL^' s-biJl cCRT J b?j—£ 

Js>±\ yj Jl jL^Jl y AjluJl 1 >j^p jlykju-L; L^l4l yj .CRT ^L 



■j 



\ yL>- oLflili Jll y .AjLiJl yp Aj j ySvJ^ I byLl Aps- y t>l yUl oLiL* At^ly ^wJ.1 . Jii—Sfl Jl 

i_ .1^1) M jS- 4 4-JL^j *C4> t . . t . j 4j ^>bJkAl j I ^pLflX> d ^~“ 

V~l» j r^Jl AiUaJl ^ tU ^4* J JtSLiij Lyliiil 

JllJLj .A^J>riJI y* AR-ii.1 A ^^-t y^vJl a it) I y* yS^I CRT y^y l3 J-U^ /3 <wJly- y* AR-ill 





: jiS’ ^lill 



J,l tJ A£ 3-— Jl; ij jS «Jl«. j j5o^- tELF jf- Wli Ay»Jt>- A3jb~ o* bl 

A*-w*sJL ^ ^jP 

AjUaJi 

* < a 

jj-iJl a^wmjJL L/ajI IJlaj , LJljj-j i\jiij'yij ELF Aib? 5 jL^ ^J-^231 jji>o 

4p^wmj ^jJLLi .(a-*L*I Oy**JL£ iylT yi j£>-) y 4-i»L*i JjIa* l) yv-JL^ 

(ft 5 ^ y>-) m 1.5 A3L~* \^ya*> c— ^il a£j (3 ol y J pLiJ l)I .A-iLiJl Jjy.U »,<? 

aJL- j ^1 bl ^yyJ' j^r «->Uil y&l .JiSll Jp 

<.AaIS\>« lit ^y ^^Ip .ELF J y*>- j^wal) ^p\±- JSL io i£r* Jej* ®yf*-f j — 

ya ydl r^P A^tJl JU»^I aJL*j aJLj^M 4-j^waJl oljotjt) yUji!)U ^Jloj 1 Al \l 

.ELF JybL 

G-Lfc ^yOM . J .Jt^ j' ELF ol^lpil £* A3 y~A l y^>J\ dL?“S[l <jj&JU (j (£ JL*m 

jl^>r ^bs-j L^n-iaj a-SLjIo- J y5\J^ r I oLibiJl ^Jj3y ^jJ yp^fl ( ya*Jlj Jl — *j oj — £? rSn 

.yUl f-^aJ I yMi LfA3y jJj .ELF J y*>- c-iiy jJ CjLiJl o-b4 V ^S** <.Jp yJi 

J-^3^1 ,y jydl ^UbJl ^UiaI C-J-Lr J cjljJl j ^yaUjl cjypj alyl ELF ^a3 C-J-Lr 
ELF log-* 1 ** bl .jybl jjp ^Ip*^(I JjL* 3 */3 1 ^Jp^ \j? L&jIkXv^l < 

ji y ca^M^o ji" lop-t ^ r liw-l cdlJuP aij j jt dJiij ^ j 



RF 



.mm 1 j km 100 ux y 'M (rf) (J^U j JJ jks^'yi ^Jb 

.GHz 3000 j kHz 3 jy >* j& C jly <^t 

RF ^-AJ^ Aj^U 4 jit 

^•Xi . A^-^ll y^' aJ^Jj au^lj v y* ^*y>- C^y- 0LJ JJ rf vjuk (*— 

* 

HftiJlj cZJbdf <Jj*j <fjpr 4JbJlj (<JtjJfj tAjau^j^llj i4*,pa?*jlfj d-L*- 4 ^pjzp*j 1! <j^fjjyzfb ^yA-l ojjt> 
cSHFj cUHFj cVHFj cHFj cMFj cLFj cVLF yJLj j+<az>6 . 4jUJJ i, — — l*Jl 

• yLl ^L^Lajl jj (1 — 18) j 5JjwL« .EHFj 

jf ib jhJl JjjjjfyJf ^Ij^yb LFj VLF ^y>- <J AilUil .^yLl aJJb aJLjj — y**! Jbs- j — J 
^5 ^1 Ojy&aJl jl Ojy^aJj! 4jjjjfjJf ^I ja^L uLj^S/1 J&°. (J HF ^y- A3lJs> .iLjJsJl 

Ajjj^I ^J i ^P-Vj . (A^S^L-'ijUl c^'VLaJ'^l 3 A-*J^tl^i! A^^y? ^50l ^yVl t (j ftj^yaj 

,4jJj£j11I £ jLo-'yi l 5 Obi yil Ob J yixil A^jliJl obi yi! 








Aijjll <!V^J S^Ij AjjJaljJ Ajijya kjtj*. (J£> SLtU -{rfj <J jJ^l Jl dlljLijJill L Alia fp- • (1 ~" 18) 






^■>A) Jjla 


JJ jolt 




km 10-100 


kHz 30-3 


(VLF) tjs. CjIjj J ill 


km 1-10 


kHz 300-30 


(LF) a.--^-.-ll oIjj J ill 


m 100 - km 1 


MHz3 - KHz 300 


(MF) jUI cjIjj jilt 


m 10-100 


MHz 30-3 


(HF) ajIUII CjIjj J ill 


ml -10 


MHz 300-30 


(VHF) i^a. ajIUII Cibj Jill 


mm 100 ~ m 1 


GHz3 - MHz 300 


(UHF) ajSUI Jji CjIjj J ill 


mm 10-100 


GHz 30-3 


(SHF) jl*ll aSIUII oIjj J ill 


mm 1-10 


GHz 300-30 


(EHF) Uill aJUII olAsjill 



>UJ X ) 4 <Lpy£>* (Jl^Litj C-l-ya fill 3^} t— (3 OjliiyJl K'jft ^ 

tMF j tLFj tVLF J^Lio t±Ui jJajjj $ ^1 y*Sfl ya*;. yts .^*jil Jyk <^1* 

EHFj cSHFj tUHFj tVHF g\yl p jt jf ^ >^y jjJ' *4^ ^^ 4 ■ - ^ i •HFj 



U*jVl 

^ iUi.J .1 iiUai! 0 j£ >iJLJi .f-U-jVI Sjlij. * iVJST Jif tuijSl y^-l <_»*^Jl ^ , 

aJ\_P <LJjJrl Aj^JUl ^ .ySjSH AJL* <JI^LpIajjVI (3 jj5"*t — il 

^L p ajjjII jkLli . 3 yUJl <—V^aJI 3 ojitJl oljUJl yb x tUV ap — ) i 

jj-ki >0 ^Mm*o . AjyOl Jl y*^/l j jp>^jj^)l\ AiLi? ^ya «C .jJ L.+J jj tyf ^ 3 * J o^J^- oIpLajJ 

.LSo? y)l obi ji\ yuu jLiu-l Jju£ jt AiUJkl SJLaj oNUaJ^i 

.Z) ZapJb 3 alo :./> yai^t .A>x->lj jjP oUJs> £pt 3 3 JUJl 3 yM 3 — £ 

N .jLgJt *b?t -kii J^-io y L yflj (30 mi) 50 km £ 4 * £j*J ^ ^y*-y» 

^JLp F AjLjaJl JL?s-l yJ .04^“^ yaiu 3 4-*^* ^ t Aib*ll oJUuj Ajypl Jl 3 AJa.Iail d*Lfe ^.,,^.**7 

y j ^y3 l lP i5j* 4 jfi (50 mi) 80 km ^4 

. AJi-jfc* y 3 -Ua-^yii O^UaJ^/i ^ AiJaJl J^-o .OL^Sll yuu 3 JJJ' 3 ^y^jl A]a^*>L» 

f-Uiail 4-^jUrl 3 y^ 9 3JLjsdl JjvI yJ .F2 ZciJaJfj FI laJaJf ^jJLpS fl oli- — lail — pJj 

JLp tijli !AJ Jit jt yS"t Fl aa-WI Jbi-I y^" .(125 mi) 200 km J < 3 ^ 

lFI Ai-Wl ^ Ujulp ^ji\ y pjjill ^jUrl 3 .j>Ji\ jja^ j> (180 mi) 300 km 

,F A a-JaJb AtL*yj F 2 ^AjlaJl 






Jl£*l : 



<3^ /^2 cFl tZ£ tZ) aj bfl oil*)? 11 oIpLajjVI (3-18) — ll ^ ^ y 

4-*2ASsjdJ olh Aj^oI yll ^1 y**)l) JUii <A) Jte ^J S’ yi*-) oLaJoJi a-L* ,/J^ .jj^jSll 

VHF jJ ij?^“ oljolill .aJI*) 1 j cld?r 

^Js- yja.A\ <ju JaJii 4 j^jT 4ibJ»! a~L*j b>Jb*>Ul d^b^Vl ol a .jail aJLfc bl ^il ^ 

J ji\ y \y yu MHz 5 y yJ&t-Sl\ ob: ^Jl olb Ajjj.il jJI jr UuJ Uj Jj jty 




(mi 180) km 300 :F2 AiL 



(mi 125) km 200 :F1 aLL 




(mi 50) km 80 :E AiLi* 




(mi 30) km 50 :D aLI* 





Ajj^ajl J^Jal_u J l abA JijJ .AjdajVl jj4**njjVl i^ilthla :(3“18) 

. AjjjJI J1 dll y^ m ^ Axtiulaj^Sll ^1 j*Vl di jl-t-u ^ 1c 



a a AuJt JsLuuu]) 

•• 

* * o ** 

.Id?!- \jS j LjJ-i jjdi l)j£j .b** Jl b** JA yCi Jj bC £-bJl :>J P jl 

^JLP ilojl l)j£j . b JiJ 11 Ujji ( j-L j . £jU/ Sj jJb b^dJl £_bJl ^IjlpI j ibLoiil Ijjh 




UmJIj tOU-Jt-lj oO 




cii c/* **■>■*» £-A*U (_£ ^*ja*jl ilJlpS/3 jj*£ j c \jb\ .&&■ ^ "is* oil£ i .. ^ t ~. I' ^aJI 

• l jF 

J> y>j tJF2j FI oU ; iaJl (j MHz 70 obi j & I jliil ^ j** 1 ^ ^lp 4 ^ud*J > °Jj* )$ 

o V Ujlp .E 4jUajl j jUoVJ MHz 200 j 150 ^ ***\ ^ ob: ob jLiiil ^ Lp 

ii jj ji) (MUF) JjLeJi f+M&fyl Uydf u^£u tv^' ^5JI.^» jX £ll ilL * 

4*iJl ajji (j MUF o^^j . LaoS"" ^b oS/ U*- — J U 2 4*0 (^ — JapYl 

.Ljb O^tAiil OS/ ^^ipl tl^O <o ^dib jl A*.*** Jljl 




^y*+**A 05 Oibj *1, ^ - “ " 1 ^JLp AjSmP AAvalp 

f 

AjJLp Aj^oJl d^botMM^b! dfcAjl^w^ ‘^^-Xj ^ X-X ^ibill {_£^jit^J 

01 l£. <J^S/1 j ^ la.il obpb* Oj 5 c-lOa-dJl (3 oU-***^! o*bfc j — ?xX) .AP — !l 

* * 

iA^Le- OL^Sl' J*™ $ 7 b .^jS’l t>r -^kiil JiU 0 _* ^ tbJb J$ 5" oUl~ Jr' 

0o^ JJJl fr U?T aJIp oUL Juj\ J p "a* ^J rl jf "aJI^JI 0^>Sn" ^ y Jbib j 

obi ^i)! (j o^lo^/l of .jji^JjjS /1 cj ^ jLiJj*yi -b’jj-^ <3 ^■bLi Jj 

.Ob^-S^ (3 A^lLs- l l O^/L^aj^/l ol jb .Oi y £j/2*\ 

it 

ry* A-j y&\ l JJ)S\ j Ulp OJL^ lif jJLj j coJ j J oljU^^i OJlO- jf J^sJT 

1 > Jawiib ^UJLp J I °JJ^ 

• A*UM<4 ^M 1 i ^.aJL) ^oJi iJjJl aJsuI j2a Ooil j«Oj 

Ajj^Ji I 4ajaH jLiUl 

# 

^pJb^ J j*XLli *L>r yll *4,l.y3ij> 0>L5^ 0 O*)b V/ ^// 0 ^^*J y5i cZJ^/bua 

j> 

L^J .jvio Ja>- Jij 0 4j>r ^il JaIJ . 4*>rU*-** ft <*■ jhj c %llf 4>r jJfj (.(^JiJl 4j>r j£, Waj I 

l-U tAl» m a Ja>- ^ b At - 1 1 t-I-^bj 1 O^^j bOlP la fl$ Ij^aS^ 1^0^ ~*1 1 

J J* c-AjJtO? Aj^jii yll 0*iii |» la w l A^w»ga 3 ja^-\ J^bo — 9 

J 0 Li. I 4j>r^i^ (3 OlJLdjljl Aji^/^jaJlj AO-t^^fl AO^/1 .JjUll A?x-^' J jbO»S/l ^1^" ^b-^rl 

.d j-ibil 20 r ^il Jbi-lj J^b]\5" A^o ? ^-1 obi i^Jl 

A^r- jil J^CJ .AjiV jill J AO-^I A^Sfl^ AJLj^ A^f ^ jf ^ Aj ; ji ii ^1 ijU^i jl 

j ^/Cjils^- Ob^-^l l/ 3 *! (-3 Ollas- j\*\ O ^3 . (J L-A.O ' J (Owbrj bl) o j-^gi Aj>r^ii ^4 4^v. ^jtill 

.jXJlj* ^pj Ja>- ^Lp Ju^Lw^ilj ^i! olS^ <Jufup A.l;^oll ejbi^i 0 jSsj aJU -1 oO a ^ 3 j ^jj bli 

.(m 10 v =- ^ Jl °^) MHz 30 (JLp^I obi y£\ ^ UU j3 till bu& 0oJL4 

JjA>- (3 -b-^ dUi O-^t: .OjloJl y b <-br A^>Ja-uJl Aa- jil Jju 3 

* 

JA i jaJ&- S )l\ obi ^jl j yA* t^b jiwdi Ja jiz>- o ^So J jA^ 4) bi y\& aJ^AL^ ll EM 




J&ii : jU- 



jia; ,yJ\ jSLi, W*- MHz 15 & J*H\ ob:^_i!l J V .MHz 15 

^1 _^*Vl .tkHz 300 kHz 9 Cv. oba ji\ ^ Jt'i T ^>- j\ c^ld V^a— — ll 

• Ua jlk* 'ytwCU-l LJjj kiiii jjiu J 4A—,bjS/l _j>S/Ij Oda-S/I (J 



cuAl*]| e jUaa 

tc^-io jytJl \jjt jl Jl ob: y ob oljli) UL>-f E ^jjjLJjj^I AiJaJl JL*f 

JUl?0 Oj^j . CyJudl E jLh'b jlJOo^l ^ Ja^jil iJlfc ^JU UU> .AP^o J*£ 01 

(j UL?0 jlJuii'yi ^ja Ja^ill I jji Ja?-*>bj .L > yu MHz 1 50j 20 uy. ^ ^ yJl <j 1 jy — ^ A — "iyX>- 
j*a£ ^£Lc ^ j tol jZa Jl£J 1 ob Sjlp Vj Or 4 j^Nl JUt OjC .MHz 200 Jl J*a; ob ; — J 

.(mi 1,200 Jl 600) km 2,000 J! km 1,000 o* C j \js obL, J UL^f oVU?yi 

c^i jJ ^Jp A*~iJ jjbdj .chilli E jU^j'b Obo-Nl ^yaju j A^lJiJl FM C~j A^y>- 7 — jllJ 

J OL^-^1 ^yaju (j E jL^jI Jbu .3 j 2 o>l yaJl 4-^b*- y tA^i?*jJj (TV) cOjiJ — «Ul il 

joLw-j^jS/ 1 ^jP J*A^»-*«-* J^Oio l^y* 1 J^-***^ t_J*^*Jl 



jiiu - i jjjj) jL^lu) 



JJi> .Ajj^I J\ r 1 ob.i > j/" S-^lp 1 Jjjj^l U *£m c^Ip j* J^UJ i y>r y J 

(mi 250) km 400 j (mi 40) km 25 jy £jly> ^ J <J* J \ -hjjj^ j^b 

i: e * <* 

^4 j^uJajaj (_£ 1 c AjaJto L*J-LP cld^jf jLOjjl O^^j cb (3 

0 L«J-lp Ijjjj^l jLiuijl LOU .IjJjjSfl y* a^Ju ^ ,.» al l y ^Jaj JaaP ^ip J^JUilj 

.5-1 Ja>- S-^J^T jl Jb^ A^-jS 35 ( J-il*«il jl _^ll yA t>S/ J^Wl Aj y\y 

jlijiVl J «^Ip La3' ^ Oj^j j tMHz 30 ^ J ^ of 

.Fj ^ ^ui? ^p ^ jjSh 



ajl^p- yf c3*^Jl ja tfyi*i\ all J[ ^Uaiil ^ jO b»Oi — P 

a jj& Jj 01 .4-Ljc* A*?r ^ Jl jial j J-*-l yA y^Jl ^iUaJl iLjil iujaiil oJLA 

.ji^l Jji 2u Ji^l )\ oMU;Vl jf JUi^'yi Jl ijbzll *}jj} jLtz/L <J yJ ^\y Li y^Uijl 

* # 

^>*>- yS' bL^ipl 01 y £-0jj Jl 4-Jbill l yA jLipi 5jcsiaj Om ^3 ^ d *^ 1 j ^ *J yil j 

jy & Jl (Jb^j'V jjP ^j^Jl jyAj .(Sy^r 1 ^-3*^JiJl J| 4j y>~3 ^Jjljj CAXP j-**J clij— *Jl 

jLtjjl 4jaj>“*>L» .Lj j£J 1 jaSj^A ^llJl 0_^J 01 0^^*- 0^ J U Ct-jl A y l»ll A 

Jij jiS/1 ^ £jl yJ oliL^i <3 y O^-Uj cMHz 30 Jb-Sll y)l J Jjfill iljjl 

^^Jpj t j>»-<JJ a^j^nJI j ^- 0 > ljil ^ ls — ^ (mi 1,200) km 2,000 

.JUi^Ml A^y cjL-j^fl 




yjJlj tcbaiJlj cOU olJl 




^jJluijjjjIII *UaJVl 

(mi 12 -8) jf km 20j 13 Ox J £ j* y* l£aJI j yj^l if yM ^J*>U5l y yb4 y. 

bA*^ 01 y^C olii y J?rl y 4jyil Js\ ^\ y^j\ jlAbl t Js- Afliadl oA* yjj ,y-4 ^ j. > j^Jf SaL: a 

m 15 y J^i\ Vr yll Jl >S(I j b«o UJj bbdl aibS3l ob bl yU j£il j jbioNIj ylx^Nl 
Jl ijkSfi j ^^SJl aijoJl y*J yU L^jf *1 yM <^ijj .(MHz 20 y ol iij — ill Ob) bj — & 

U y*p ol ijjJtdl «a* o yj .(MHz 100 y jSH I obi yJl ob) b y m3 y y — i^i b — >r yil 

.ol y yi-^Jl obi Jai olib~* y oNLa^I <_£ijj y£Lc ^JUl j t^y^y yjl jbb'yb 

.(^y^rl e-3^bJl JjLO J A^yil .Jl ^1 y*S/l jb- 5 sjI Ajlp ^j\A%»»y jyJl j b uit*)U ^jbiJl Ja*..Jl <0iA^ 

t3jb5" \ ^ b^-b* f.lyil O^j^j b- y c^j^djall toL^-yr- jly£ y^J*. ^ jb0xj^/l I A^ O^j^j 

cl y^l jb*^j! 4JJ y y* j £ I ijLJl cl y^l j\ £jl 4JJ y 0 j£j .ijbll cl yil (3 J b**~J (.^jft-jjji-) f,| ^il 

cil^y/ Ail . J-** Jl y - dj^S' C*liLw« Aju ^Jp Jbi*}U <~~J& yS* Jl J yiiJ-l cb^-'y bi-li t^ijj 4y>-bJl 

.TV j FM bJl ol jU.1 jUol j 5 jJbJl yP ©iU J jyll cf jj ' jjJi 



jjUUI 

.mhz ioo ^ ^i oiwyi j c y^i yp yL- 0*>blJ 0 j, C 

.^j^Ail obi yJl j cUHF j cVHF oliiy J ji^/l J y o^Uil ^-Jldl 

ybJl yx>u OwL4 y^J j ybJl jjliM y- jiyJlj Oj } — >LdL ^ — pJJj 

# 

oIpUjjI j^Lp Oilp yblll O-L^ .yJijaJl yp ^JaJl ya Ju (_^yj ^yjyJl 

.(mi 10) km 16 Jl J-m^' oIpU; j\ ^ oljJtiJI yuo oa^ .AibT clykl 0 ^ ^ 

I j j ^ yb^^l 1 Cm.* I jL* ^.«/3 ) ^J m ^ 1 > I ^ C ^-A^> yj ^ ^r*i I l * 3 1 **,*„ j 

.b^-bil olJinil ^Ijl>o-I jap 

Jj>ry .jb*wJl Jb^l (j Jb* J^l a)z£- j] .f.b^'yij I y bill (4 — 18) J^bJl ^ 0ji 

jA Jb iyr _^il ijUl cly^l (OX J-v^bill «Abl 0b** lil .^b^-^/l 4j] ^ Jliil !-L& (j (^jl y>- yl — ^*jl 

j# 

Jj 43b ? *)li| yi^J^NI <-0 A^>: 01 y^j cb^lS^ j A*?r jSo*J liA>s-* <3 jj y>-b-Jl cl J I^lj yri?^ ll y>_ * 

* 

( yl^*J* > yi A>- yj oljb^l 7^>r jb 01 y^J. LOjfaS' bdl yt?r * y»l ^*j^/l ^ — J 2 P lil .$.L ^-^/l 

.Ui-b $.b ^Ja-^Jl 015" lij b^Up cJUrl — aJj jl? bbiol O^baJlj di jy* c^boJlj 



j^aJI Jjjb 

ybJlj cb^l olii y (J OiA^ ^jjl L^jyb-yjyJl jLAli^l Jl5bt A?-l jA <Jj—A\ jjL T 0) 

ipy^l» ji5" I jb b ^l y« J^oil iJi-A O^^jj jLZjjb Uflil jLib^/J IAa ^pAj . b^. , a 7 I g ^ j i 

.m 300 y 4 J5I oLpUJjI j^Ip 0b-^/l yi*J Jj t^ Ja^ Jl y ty yJlj 




£ : jU- jMtll 




jjUl *!_*]! 









.Ciljjjail ij^xj AjjjjI jil Juj j*L»jijjl\ ^dnu t i :(4— 18) 



^ ^ f.iy>i ^v* tinrii? ju i^bJl ^jA 4A*i^ ^ < LiJLlP J< - " "j 

S* f 

J y Jj^ 4 b^2jl .3J0l*il (jl ^xJrl ^ ^Jl bljj j oi^ J-* V* ^ — ftJbj Jj — b 

AjjjJsI 01 *<3^^ <3 ^ <3 t jLgjJl oIpLw f.bj! <Ljlll ^ jb*~ Jl 

.^j ^siaJl 4 -*j ^ yail ^1 L4 *<»»A> 4A> ^laJb tijbJl f.1 jjtl ^ Uk* >b 

iiUi jol^ _jLS3l j>* oLti. Jdf oliL~» yf> iJbii**l \*s - yj jity ti ji o^La^l j-i^o SjIp <^ y4l 

• UHF j VHF izjbiy £ 

(3-18) ^1ul4 

ft 

> j- i z > i.r — i ' . 4jjui,l yS- L* U jl-JLj *)J ; ^ "» — * ~^ ■ 

2^Pry* ^S** * t A*j *X?rlyj (^JUl (J J — ;H Ajyj I . ~j \ aIj ^__Lp 
Sjli^l tjl^i Ajwaj c-T yi .iiUU ^U> SjU^I dUj (^Pj y£j .yjl 

faJJs j £i 'it. ,iS yt 

(3-18) J* 

*J 

(3 tji— liL^j y-^/i jyi ^ lJ^ y* o* a^*£ju1i op ji! ji ^a ( J-^a^- L* oi 

^>^>\j cdLJi jb>! ixyJ JUiVI .sJ^SlI > Uj. lljjl JLo3 ^J,ll Jbj i j j Ul i 

• cSyt SjU^I 



OiUI 



J ^ L--Up .GHz 300 * bi J dUi j*\ ji ‘mm 1 Lj^" rf ^1 ^j-Li ( jJL — j 

.c--J ^lil bjaJs» t-t'jy* cX cUVj c^j jil cIR Jl4 bJU c^JJi ^ail jil 




cOU-Jrlj :£Jte)l oLJl 




f £ 

uM^) <J*S \ j' j^4 aj^S/l jl\ tj-iaii a *- y J^J? £-L> sLj yu mm 1 ^L* IR **-y J jl*' jl 
iJiJ^ c~^- IR lJlJ? *-i> 03 ^xil . 4^? L j ^Jl y» 0 *>Lj y jl cJiJl aj! .mm 0.001 y 

^gip jl AjjpSfc^x ^ip IR ^L*-£il L^L-^^I . AjlJLX--I 0 JLa AP - ! Jl>-L J 

p-~-XrS5^ ^ja^L* (*—** & Lfr/*la ja ., <£ l axP 0jlj4-l I ^ J^- 4- *^ o^lj>" IR A**xl Ja*J 

IR Objj>« .^yt ys y jJ^aJ Li jJjL IR jJ-^aj Lii SIR 4*-iSf £jlj ^ — Si 

^ bL* J a^L ^ 5”" oliX« jJbaJ jlS - " bj . AjL jV^Lp j tjllll j c A j**_a jxLl aJ ^ jall ^c^Lyai.1 j>^l\ 

. jL*U s j*ax*Jl j$£> jJ L^x* IR ^U-£rL j*JlJ jl jJL^X.. tL£L* jja> jl>-I ^1p Jjaj 

a>r y . AolxJl cXaIjj^I^JI ^.\zn a ^ L^*IXj>«JUw I A-y^L>- ^^Lfl Aja-^ljj IR ^\juS>\ c^fl.L^T* ^ 

ap . ilap^l oJLa j _jjil * j-^aJS j-S" jxJ jJLSai" j IR j-S" jxJ :>lapl aJI y y y&\ olj^l^Jl ^aju ^ Lp 

AxSJ J (4*>//IR) Oja ./a a] I A^^ll Jl^l*ty Oli IR ^U-jil jyJ .oL^Jl^L ^£>*1 Si olj^f ^ Lp 

AJli? j f.1 j^J-1 AjuiVlj 0 J j-*s> Jl>-SJ L*JLp .(^cJuUf IR) aL jjaJl A-pr jil Jl oli IR y*a*& 
CaIJjc4 ^JjhJL-o . aJlJLSI AjJjJI S AjJ .^jJ^jj AI^UJl j^iaj t^Jjll f-j-^aJl 

.^j^5b«w*^/l a5^ j^J ^ y* j c-^JjX-I 3 s-S ^^S C^- 4 ju>»S/Ij cJL*i^Sl 

Jp A^UrjJl dA ^Jl o jJj /jp AJj oJLjJl IR j O ^iJi IR j^^kJ ^Ur jjl jl A^i>- jl 
^P Lslajl aJjJ^JwI j .4^ >■ jli-l ajlJI OjI y>- y ®jS ^ aJLj^IjJI o jl I ^1 p JiLiJ-l 
^Ijl^x*^! ^j^x . aaIjL# iil jJl j L *jlp A^^kjull ^LVl l 5 oaLS^ jil ^>-1^ ^XJl ^|jLXI L^r ,: *- , ^* — *S^ 



JA Sja-^JI ail yS\ Jbjj ; ^ .^JlSCil a^jjI Jj aJLuISI UUaJl oli JjLil J ^ jJtiil U 

.JJJl jj ^jUlSI ^iJaSi j A^^jll o.lljJl ^Ll <J ^jLl.^. 1 jxXfl 

* 

^jaJl ^*^jtSl J Ajsua>- ^a^xXv- 1 aij cljijaP- tJ Aja^^X*^ A ./a e^tju* OaL jX^* — C. IR jl 

IR ^Lta| oJLj j J L*jlp . c^*^y3*il jj yj ( J-^Ia1I ^jUI c-p*a^~I ^ Sfl J 5apl**w«JJ 

Axj'yi 3 ^S jS claLIJcJI l5 jjl j^ I IJL& jl . li j ^>- — J jl — $ a,; — S ip 

IR ^l*a»l ^cXJ .AjJL* ij\ jj^ l*>- n-^^Xrl aS jr^-J jl A^pxja — Si 

IR jU.ju'y ^jI^X . *■_ ^IjJa-^l aJs^Ijj ^1 AjjJUl aLxaJI jI^».ajI Aja^ljj (_s^ A^l^i-v^ 

aJ-I tUap^l J5" Jxi jl (ajJlUiSI o yJ^S ^l^il j-* 10 7 x 2 l^^i) jr^ XiuA 20 ^ SI 

. ol jX« jJlS" A.itja.> La ^Ja3 ouaJ o yli ( j^w3 aJ A-j? ytll 

Ujaj ^_^"S Li*!>Lp jj^> .IR cjd? f.lj.^-1 ^ya.w i; S ^c3liLi ys^ ULi L -5^ j^J cXj^S i^Liil jj^j 
.L, ji; nm 2,000j (^ jil j^^S) nm 770 o>j A^^il Ul ^ ^Jl o^iSl IR ja J yv^ — j 

L^Ij jlp yy^i . Lu^ij nm 8 ? 000j 4,500 Cjy. LiljJal jz ^1 IR Sa\^~ f.lil jU- — j 

.nm 16,000 l^jj 14,000 j^j £jl j-> Jl^l <J IR Jl— jl ^^ip (CO 2 ) L)jj j— ^J l a^ — S^jl 

^■la^ Sl ^^^ip c3*!)Li3l j CO 2 XaiL>*j .IR ^ ji^Sj cc-ALjaJlj cjJLtllj c J — Jail J^-lax. 





£_ Jtfbi : jis- J-flflJl 



J CO 2 il)< l 5 ^ ^ \ i*a (_^jalt . 3 ^ ( 3 ^*^ ^ J >■ CO 2 0 ^* ^ <J? j — li^l ** 

0 0 

4J?*'I X>-l (^JLit y>rl>rjJl U-~«3l j>>fc <3| ,y?jS/l ^k^ k«.i y** J$ I LpLfljjl +* 

.^-U- yJl C-Jl J ^y* y ^>- Jl 4 jL^ yU^ C^y^l j CO 2 J - 4 

^jaJI PjJal\ 

ji & .nm 390y 770 <j>? V^-y Jlykl y+^ y*~ky$^l 04 k)' j - 4 p jA-1 £ — Sj 

cjjj'bfi ^ t ^^-la^S/l ^ 1 ya-^SlI ^ t^UjjJl J-^LiJ t4j>r jll J yk yaabijy fel jfr- AkykJl Ay* yll JlykS/l 

y-~i~Jl f ^jJ j^Jl f 

yLlil itay .U^yll Jl yk^ll i £ yJrl J$ lU* -U*- J^-iu y y zyjai\ jL-> j\ l£ j£. 

.jL$Jl f.li»l t\ijj jyQ -k <■—.«-« y^ |j-Aj . (1 o .^ Jrg.^ Ajli (J ^^*--«-a*3ly (^^jyj^Oly <.c 3 jjS/l ®l — ^-Lj 

L«J LiP SJUjy yl f .1 y?“ jy£-k <—«««■** jJfc Ij-fty $J5I J^-^o Jjyk-ll A^-yll Jyk yi f.ylaJl j— iLlj 

jjij <Lm > jS(l AjjyJJl o> ^[ 1 * 2^1 ykj J 5 Jslaill 0 yJJl y y^l <l)y£o A~*ij i^-^-JLly .y^l -UP 0 y — $J 

.$.1 yAl (J y jii p y-laJl jL*jj ^Jp yLiJly tjkP-jJly t^blaJly c^tliJly c ^kll yyi — j — k-kl Ja — >^ 

j ji JS" (j Si 5iUaJl ^I^jj cal y j' k? EM ^>r y» J jk L*~Up 

^Jj*>UJ| .L) ^ nm 1 J>^p- J»i - k ; g j j Lj jij nm 390 j - 4 UV Jjk Jl^ Iuj 

Jl^kS/^ (3 ^<w3l A*i yk) L«LC \j\U» 5.1 ytl Ljjyk nm 290 Jjk -UP- 

J X/y S 7 / jj ^y* ^Lidl j y j\ j^>\ y* 4iJl jJJi .A ^ 4 ^vai^i U ?r yil 

yp y*%j J ^i-P-l ^3 ^y^ryi^ y^ y> 4jy^^« 

.L-Ju-t<aJl OJlli J iy— uy cUV yl^" U^yJj -L^>tj . jajLJI I jjs> 

cl^l y^C ^ J,^k y tUV yil UjU ^UJi r- U-y]l y>I*j 

y-S^ dJ-ii JjP;y Cjyw? s^ij ^JL>tI**o L^JL* \-b . oukil y» ^ ykl I jjSi J J y-/3 _klili^ U>-l>rJ )1 

3y^S ^ yl yix»>^JLy ^ • -'/3 < 4^> J^P- j.^a* ^ -L L»_y . 1 }lJm l^Jl j Syli! ^UaJl Cr^ 

(3 L^Ui ylJy UV ^y^wv^tl 1 dy^r^l y* yP-T ^ yj Jj^yj .yuJL* y* yjtyall < ll j \isi 

A^-Jg 5ilkJ' yk dlrU* .^jjd! <_jLyUf ^Ll* y>j ^ik?xil U*- yll Jl y k^l 

4^l^«ji“l jk^>- (^Jjy >0 .UV J^- J>i £y-iaJl jS* IR y* 4jy^il <UPryll Lily kl J,j 

OuJaJl yL.^* y*-S> lU - 4 (5 — 18) J^Jjl . JJL>«jJ| y- y» J yk ^1 yai^ <1)1 viXi^s-C ckLftiy 

Ajuil yl X Ajcit Uik yll SyprtAJ 4jfcLl>» cUpUJ^I oblJLP jL>-^l yaxj j ^JL>ti«J .yyka ll 

iAjyyyflJ y?l ^p , 'b! .(‘L^LsJl UV) UV t-kjk Ajli J$ 'kJI yliy AjL»JJ Oy^^ll Upt yll Jl yk*>\J uJ-liy L«lp 

^|j>cJLw**l iSjJ j-saJl y 4 .(AI*Z//UV) aJj yk UV ^1 y»l Jl ykl ^jl^ Aj^kJl ljy»lS\Jl ^L 9 J^J^! ^ 

.U^li UV jyva pL-io^ tX Ajl^I ^JLi U Jb- Jl 4^io tyaLp- 







^UJ! c l jaiVI 




^)auaj] <t ^1 (j^oJ t^jjjJaJI i^JLilaJl ^Uxl ^jLda^ll JbJaa. <ali ^5“18) <JS*£Ji 

. UVj ^ j^j dR J* ^>01 Jl jLbU 1J4 £B g-U^I c^Uj 



U V 






O-Jl ^>- |»jgjc^ .i y**)l\ f . ^Oail ^*^*0 b ^lJbs*l~>L olfc 4-^b 1 

^..iUI j IgJ^j JaJbM L c^J^-jJl b&l ^ill l-ip y* ^-jL &a al j, <U 

4ju5*SI 4-y^l^ dJU?r- <*Z*>\j)JjA £^L*j ^<Jl 4^«J&^lll .5^-S/l f.j»/2^\ j £* j N) .OjOU^lII 

^ <-J>yU ^II JUrl (j ^ j\a*~J AIM }\ y* £fcA yJ tUV 4*-5*N lg-s^ y*J -X; P . (U V 

fUajjl jup <p jii* 01 jjL jJldJ ba^^p- <JUoi> (^pb^? 0-^J) a-$JL> ^ 5"f ol> biiil Ojl >A\ ^ j 

Uj CRT JhJu csJJ 1 j>- yJi jJL .>dJ biN 5^ J >tsB 0 0t jSU .U UV **-if 

i(,\ J>t^ii\ <j ( j~*J C-~£ ISl AIm <L>- obJlS** £> OJ-b b->-b£ .UV jj <W? yJ -UP 

, * * ' 
.LfcJUstJ^ OJ-iLi j\ jir\ ^jUtP JU»rJ lili .4liu» j SyA (. y& ^b*i* £A L* 4_LJ <j l?Tj\>- 

C? 

i d-jlS* - ^il IR 4*UJ (_£UJl ] g< /* £_ AJ 

4j\jua ySj? J\ J* 5LJ.I ^ oii tUV JU J ONI br Ailb gsf c ilTj t 5j ^ ^ 

tUV <*->*N Jjbl Jjljjl jxlil c-— -«*« j 01 .Oi^rj lil c4jiili£- 4i ^jaj j j}a: : > * 015^ 

ef 

u5 c3jjl f-U^ ui>- oU^ j** C 4^— .—A I j»bS/l J Je> jS/l j4a-J J-^ ^lj L ^- J 0 ^nXy? OU^J 01S" j_J 
tAPbil ^Uij J^LUJ UV 4^U»S/ UjI jjl ^> jXllI 01 j>Uo -X?rjj .^^Jl j>P 

(j ^ jil OjJjS/l k-.'- H i 0^ ^LOLail U-iju . 4 j J inil I jA^S <++m L-«o- obl^^-lj Ob-— J^fl 

oLS 1 " ^ jlOv?lj JjIjJ c _— . *j jS o c^^Jrl a ^Jl owaj 3 i y * ^llj t^j — Jrl — ill ^ — Lpf 

yt> 0? cilSCill o$.L- blj cdiluS" aJU-I cJb" bl ^iJl ^-uJrl JJ ja aim JL 

• S-T^ J^P SL^I^lijI 






: yis- 






* 

N) .nm 0.01 j Lj/ nm 1 ox y J' y^. v-J 3 y£ y x <^j^o 

X Sju^I c-jLji 5 jU lL^Lj . (x <L~*IaJI UV ( J-m^LaJ 1 Jaii-1 ^lp ll ^yil_ 

£-* ijjLL* j>S^f 

ji y c^jJL^I c^jU- *bJ? Jj j*LL J Ji ^ 1895 fb> j Ai^U^* x A^l c^i^Tl 

^ <0 

oU nJslS" j£Lio IJbJLi jLill Jir bl Jai-> oijUJl j aJL ^ 5" oljLJ 

*7 — ^ ^ . c-J 7-* Ai^uJttJ (j^JxJLll l^-*Ui>jl 7 jp LpIx«£»^ AP^.**,,. -,]l a*_JIp 

c. j^a.1.1 5iyc* JjI jp Jl ^>-1 ^^Lp o jili Ajt-i^l cJlS" .liJL&Ui^ Jj tL$5" ^JL- i_ . .. r .~> x a* — i-L a* — 
c jUJl ^1 p C-> jjSfl jljpr <j j^iL*>jiJL ^Ua.* |1— ^ jlj u7JL>- .LTV A*j-S/ 4 jLa-«7 Jk\ 

j£ <L~£ Jl ^L p Oj^SsJl A*J^' 0j7i aa^*>U' O' jiJl ^jjtj ia — >-^!j 

£->7 0^*“ * 7 7 ^ ^jlp AP ^7? jil ^Ux*ii' ^illi cOLJ^I Jj O^UaPj 7-U- ^ — p 

Ai jJaJLj p-Li 

^UaJ J^l Jp UjL^-ji ^ iiJlp ap^** J,l olj 7^ AiA^l X A*-^t L--. fljf J «jJ 

O ’ « (0 O ’ 

Ua-s--* La.»l? 7 Uajai£ (6 — 18) ^v?tj ♦ 5ilp ^j./aj) ( J-ij jJjt* ^ J^a_C. 

.diJl^-i i\^>\ (jS}\ ^yi\ ^ x 5jui;I ^ 






A,JL^JA ^ *1^l. nil |j^kai<6 







frlj^JI ‘-HJ^ 






.X Ax*ii l_j jiiV K^oo :(6“18) JiAli 

dJJi ^yi .LaJjS”" y j l^o^r y Aj yu& ibjJ i y3j\ J j^Of\ X AaJ-S/ A^ jil Jl ^t«4J L*JU P 

(j J^>r jbtV? C-.. A ^ Jj jJl ^ Axiai ( J-<kXj .jwajJl J ^UJl ob Ajui^l ^31 0 jaJ 

» X. ^ ^ ^ i? 1 I^Iaaw 7^ ^ f7^^' ^7J *^77^' 7^ / ^ x *UV jjy * — J 







«* 0 s ( 

^ Ip y.<*2.* ( j*^5*"lxJl ^k~J l <1)15" lilj cLj ^aj A^l£ AjjIjj ( j~S"1-P ^k-* l 5^ * 4*J:I C~ — k»* lil 

3 JjjJl Aj jl J j^>j <jl <-~£ 4X A*-il Apr J^* <J j^aJ US' . j £ ^lii oL>rj^ jj^L 4 <^lj> 

4_*j£ 4 dj^-^JsJl X A*-il ^-1^*1 ^ tOjl 1^1 .^^JpLlU A***jJlj ^~J^) ^rjg«**i) Aa^mjJIj Aa^UL* 4 j» -s * 1 

(<— ->) p— kl ^w=> J j .^-l*Jj ^iSkj'^l jyt (i— 7 — 1 8) ^jSLiJi ^Uji . 1 ° ^x-k A) jljil 0 j jl 

5T^ d .^j yAj j£L-io ajjJI-JUJI x a*-M aJI y* jLpr 4 ^ JJl j-5" ^i3l (7-18) JSkt I' j * 

piaJ y Uli ^^Ull A>wi Ajjl jiil x a*-M J ^ ysxj:. .JcJ ^ki Jf>Li j l-U- A««kj >o» 

jl £^k-il £^*3 ‘4-* ^k-A) (jl X A*-M jLsAP-} 4 ^ ^ .A^U Aj jijj ^k-ijJl ^ f l a^l L 



Incident x-rays 



\ 



aJ^l ^J1 X Aajuil 



\ 









\ ! 

\ t 

\ T 

\. \ I 






i \ V* 

f \ *fcj_ 

I V x 

1 \ %u 

I V X. 

§ \ t ' = ’ v ^ 



A^l loll x A*J 



* 

'SSfa 



aIuij-JI x AjLuil 




j 




^ Uukij mfti 



w 

.ksd Aj.>»1 a a AjjI^j Aj L^aUaJ^l .He. ^tkuill (jG- X AjuJuI |l| I^7 _ 18) 

.X AjuI.1 AjSXj JJ^JJ Jl^l c^^kkj kk^» (cj) 

J*^- Ji (S^ji ^ J* J6^ ^ .^1 Jitj" X A*-if 4-^-J 

jPrl^- iksk“ Ol-^Sll f-Uki C-l-k^/1 Ojl^kp 4_j J^yUJLAlll t., jX-fij d^L* 

«* ^ 

^-kj ^1 L-j?l ^il .X A*-il oLp J>r i +S' 1 y (^1 C-N_^ ^ ^ilj J^k- * 




JtSlAt : J-Aflll 



4ibfT j-ibtl! ^yajuj 4*1 vail il ^il ^aju ^Jal^o .x 4jc.il -la^i U? ^Jl ol ^l»JL* 

SilLl A*^S^ jja ^bll J^bJl .ol ^JL» 4jcbaj /^* A^ be - *' I 0 ^Ssj jl c— £ X 4*-il <^s>^>- Lba jl 

* <t 

^Jlj CX 4j*-il fiJLi Lbajl j jfiA>%j jl <^.3j^bdl 4-Ji> .b$-J jjj* £ ^Jl 

djj-5*" oULp 3 il)U— Sfl pbJalj pbJaS/1 |»-lfl,»i 4**^Jb UUp . 4iL*Al 

,^U*iU JjUil JjxJi IJu* ^j>«jL^'y 4 jUT 



(y) LaIc- Ajuii t 

tyS" Jl y>-')}\ ^jip L^jJi ^c- t ya.“ c j-ya^lj j-va^l <L~*Ja 4juiS/l ^>r y* J UJ_P 

I# 

Ulp 4 jtUl Sijai* b&JUP fjLJ J x 4 *J-I AAfrjt U&AiP /^Jl ^kiil <Ja£i £j(iJ ,*}L>«^> j-S" ^sJl j 

.ajL^JI dj^ j-^ail jy>J jl b ^]aj Ulp a*j^I ^Ui^J .(m 10 u ) Ljj yb nm 0.01 — p 

br ^il Ulp 4jcjil ^.)fg;.»,7 . IglS^ 4**«Ja J jJbM 4jlb JJbU Ulp Ju — Ji <*J 

* 

lj j-> ]£ ' Lij .O-J^'VI Cr* Cf* T ^ ' j' J\ ^y-*£L* ^y* 0 I dJ P Jl j I>j 

il jil j ( j j^l J\ Jjb») V 4 J 2 JI c^pbcj^l i?LxJl o!3 ^1 yil /y Ulp Aju!m\ jb .X JLJ-I Ox-J*>U 



UIp .UIp <xJ»I aJI^* j ^JlJuSsJ ^Jl JjL- ^ I l^Luiyi c^bJjJ 

> 

jJJl oL^^Jrl oJla -14 ^jjavaJ ^1 oljJlJl ^ ^ l <» < . 

^J,| 4-Jlp 4 Pj^» b? J* ^ ^ ^s*** * ' ‘-^p .DjP j'bll <Jjp*^Jl — > f.j — L<?j c3 *^ — p*V^ 

jLJ 4^2^) OJLP- C....P; 4-^-jbbl 4JI J uJLLmJI *^ ?r (3'?^ a '" .4jo>«JJ jljJl ^jjbj c (w-J 

. jt$Jrb J yP pS**Jaik\ £ j>- jj 4li? dJlg5" 4^aJ jtlJ . jUJl ^lJ AiP 



(j ^jij <— ->b £-* 4-prL>r J dJiU ^ ,^\jJm\ l ]a ^ . a UaJstP (8-18) y 

^Lfc*-JLi 4i*>lpJ j J^-IjJL) (Jj>-uJlj <baAg^iLl <5UaJl c->li £-L-JLJ ^LJl m ^ 

jj^il ol: c^p^Jl 3Jlp ajjJlJI .JptljJl Jl J jjpJlJIj 4iUs> oLL >JJ Ja ii 

* 

&te\ Jc S' .aJIS" lil SjiUl ^U-j _yjPi j cl^stJ- 4-**Jb iJb- jywaJl 

. 4-1 j g ■ » > Jl UI p 4jtUl 



AjjjSJtt ujLaIu^JI 

^pU^'yi ^iJbJi o-ai j c^pUJ^I JaLiJ ol: il l$J ^ ^ j " ‘ 5" 131 

wL>? jj C->Ul^A-l L ^ajtj Jb . jL^i-1 ^P dj^Ua \Jp jfr Ajiff cAili^ y) ^bS/1 a bib j 

. (olp djbw^ oUk5") (j Lj yb jlSC* J5" (j ^pbuij iabjJ ol3 ^>Lp 




tfrUaiilj 4 oU-J i-lj :<Uti)l *-»U' 



SJaU 







jl^biJi 1^**0 ^ LLa a :(8-18) Ji£» 

J oljjjlj <LJ Q>L»^«3rl ^JjaJ y (,$\^2£&\ jZi L^« jS' yS. fU (J,\ J 

yj\ 3i (£ j y>* Aj ji c^Lk^os- LajjUj c-3JiJL> czMjjJl o-L*j L(£ 



d-Li* obj \ j^z>' % ) 1 .(,\^aa}\ ^ Ji tji ^ oblJj (J 0 Jo?-V 

yiu^A ^j&3>\s3 $A-JLp <Zj\sAJ)j J) ^JLp Axil jJ*l 0*L L a^ 0-> L«JLLP ^-.,-.«,r^jS/^ c^t* 

^ bt*^yL iJlA ^Lux^^fi ^PJU .$,lll jl ^ c^- <L5l ^ii oLL»^P Oj ?r L«Jji P 

4y y£j! £.1 .^3a 11 A/OliJl aJjusJI C^L*^*Jrl ^PJj . 4y Ltfl A. > y^Ji l ■<****. J^i yf .// 

*JI ^ .oljJUl (Jj yj j l^Uk^l JJ jjuT JSLio g; jJrl cJ^Uil bU V 4 4L~ y y/ 

^ cx 4 jc^ 1 j UV oliLL^ (j Lk5^j c aJIp o^pLaJ g ^ 4 c ^ aJ ol*^xx3rl 

* 

£* JjWail (^9^“ b^w£ g^-[ 

iUVj £ jLaJlj JRj CAijOl J\ ^1 y»*)}\ y* Oj^il — ^x~J? j4&\ UuJaJl OjSslJ L~Lj 

{ y» <~-~y ^ Aj oL*^x*3rl l) c*. AP ^**u li y>*Jj oli jJ ji — L*Lp tX ^-* 

<n 30 

CO^tj L ‘ ' ~ " 1 t ^ r aJLp O^l-P ^ u- 3 • Lj ^JL t (.^*^2 Jl 4_P ^jj5JL_JJ 0 ^ i_ , ■* 

30 I 

Lj yiJ 4 jcj^ 4 ^iJJ j j Ol jytlJl <w-r^H (J ^Lilll ol^L-Jrl j COL j 

c^jIjL-w-C. 4 ^ jJ 4^^^ O L^...w3rl o<-La IjJL*^ > dL^ 

Jji^j 5uLjaJl A.JI ^il jS' ^lc .L-5" j^J 3 Cr* L5 ^ p W jiJ L*li — * 

> 

^dfl^JLSl ^SjipxJL* j!.X* 3 •— ^ j>*Zj f L I A.’>.*A*^ lA 4 L5^ ® J^ K ^~ ^P*^i 3 ‘ A ; • “ 

Jl^is»S! -laJI L^ jjjLL»j aJ ^ 5sJl oLk_w^or«JJ 4j jLc^ Jaul y>- j 3 ( ^ r 4jJl ^p ,L^jJi__3 ol ^1 

.AjiJb«xil ^w>Jg j4^Jl ^ I^SI 




: jZ* ^isll 




(4-18) iiy- 

?mn 0.00100 J> UIp Uit j- J»»j ^ dyji JT t) Slj^l aUdl ^ L* 

(4-18) J* 

1*. jll jliil APj-J d Sbr^t J>1» aJN-Jb tfUdl j-i P *<l~_j! Jy? «ll J * j-J . f Jb" 

:A viii^ c-jUj ic >1-1 fUaiil (J j£S\ 



e = Ac/X 

.10" 25 X 1.9865 L >L- Ac V >dl J^»U- (/jL-j 4 >1 fUiJl J JL-J*. V-Jl> 

J_ji» 01 .(l$iliiil (j j>r i_i-T c^.,i Ji c-iS' lil ybp Ji j*J' siJbSov) 

5*it ^ D> ji JT J Slj^l cAiUaJl 0j£r tdlU) .m 10" 12 X 1.00 j 5 _ »l&. nm 0.00100 

J ^irb djJbL* L»Lp 

e = (1.9865 x 10 25 )/(l .00 x 10' 12 ) 

- 1.99 x 10 13 J 



^buiV! JaLiUI 

^iajo y j .IJLjI V j lib y$ J iil^ lil .5 3i jitll ^ Jb p c£ y— ' 

4jlJaJl aJLp ob y ji cd yii*»Jb j^p •»— • ■* J*xJl (^y J>*^o . o jje - * * *•— b 



yt ^ y (^\ J| jjJto ^bp ^cJLUv^* J?UbJl .tS’yZA %*Jj>r 4Jj 3 olw^_^r j<-\ y3 7^ 

.5 yaI~Jb oijiJl JJL^- ^y* _^JaJ dijb ^\jub^j\ 

JlLftl 

. jr p 

j tCdljJJl y* OU j ySsJ^I J ^Jalw 4 j } ^jlif-uzyL uj y^i J » LiJI ^ 

.(a) li// iZjU^Jrj t(LLL- Ub-iil! y_j) L«Ip **-if ^yi U^-i y'fyl i* .Jib_jt Jl£ iL 

A-Jlp ob yyjij d^Lbill Cdby yJlS”* bp yJ»> Jit Lbajt %A_>r y . **(P) 

■y^ 1 »>* ol ^•XJl C 0 ^ b^3 1 \ cZdb ^ \ *j <^\j j jZ*jS J cAP'^MrtJl 

b/ 1 4 He *\y djfe .^iU- oU^o ( 4 He) -4 biil oUl^ Ji: — iJ 

4rfJb>» ii ^>bJww* cldb^ ^J jlI <L*^r 4^j b 4-1 >%Ju* Lfljt 

aJIp oIp^^o lil JUb j id SJbT liJt oU^J- . obyt Jt liJf ol 4 L» Ul .4 j 

\ I ^ J L 4P blit ^um^- J-d l *J 4ibs? c_ d I -* 1 bili t^-ilS^"" J^ - ^ * 

d jJJ J ^JLflJ /Jl oljytlJl h>t^j dJbljl^ 4^5" oSvj j (^~l// L^yJ) f. j-baJl 4P J 

S-^ c^- -CS-j^* J-^' J ^ IjotlJlj 4 ^wmJ| 3lb^]! d^b j ( yp ^ IwUmw .d jjuT 2-*S^ y>> 



. Sjcb^'y^ y>rl y>* 4^.*tl jj liit o 



» J 




(£1^1 : wJuJl 




il)> ^ jj) Xj\s- jl ^j£> Ajl*P oUu-> *1)1 

*■ 

*jjylm~Jb Ljajl ^PJb ^£jiJ\jj 4 0jy^J) l/* L*> jLiu .(Ojj^i^J A+* «U o^Ljail o^llt 

^ JJij cOjyjjy (j* P ^ ..M,^r- j\-i^> j (P y jjlj <1 jLio ;A JL> aOLj JJJLlC 4j^ 

Ujlp L^diS" ) 4 j yL^> yp ihS ^ Ly oUlor tlLLc .(} + y J\j d jLio y» ai>*Jj 1 ^4 

. > 

sZ.*^" kl C^iyJVlJl AAImJ IjLj * " j! -t- ^ 4- 2^5"" ykl AiLjflJl Ju\jl) _^d-„.,. 'M Ap !Lj ji^___>*Jj 

. f. yjail AP y> y> Ay y O^lp ^— »«-> 

aL£" j\ 4y\j y^ J C->LijjI*Ji Jj-Lc ^ . tI^L^****^*i y> LiS^ (_-Aili- ^ y cL>U y 

Ot . g.1 1'/2 gll y> o^by yyJb y i j^JLwuij ^y^y^fi J .aIjIp <jl y?0 dy*Ai cUpby yyil lkr , a*_ 






0^ 0y^> aJL«1^j ^..S' y^Jl C->t->yy*J\ ^ \sim * j&- . dJy*J\ ^ yt % jJly ^ y yA C->Uyy ***^ 0*i ^ 

JtSs-if i_ • ~>x-k ^jp y^/i \a+*£' lZj\j j yL-Jl i_ a^»ly^** C~*^ O'* dJOLfc* ll^- .^__»Llj 

t^iutJxj ^y 40b'yy*iJl 4 jLa?- oi-btll 0^ y* yj-iiTtl* c-LaJliJI OyKi <b~S-. {£ j* •>- S/i £^l* 

, jL^zIf jJJ ydb ^ yi yj _yiJLi Jj>r y . ypT ^ y y> iJU3? oU- 



0 ^ 



Ajtuyi 

92 92 y> iyt> j^sLjlJ ylii) 4ja*-ly 

( ,4 C) 14 ~ l) jt 4(1) y j^sJl j4ftj LlikiT, .^p/jtoiy/ J?ULjf L^fj ylhJij c-iyuj y — *L>_}0 

«^'j ‘( 12 ^) ^'.P j! $5pi— • ,4 C oijj O' .oUjjV 

^ JUI j * ( 3 H) 3 — 6 ^ aT . ^ 1.1 yp lZ-J^^A-U AJk*S/^ y o «,?*} I ) , lIjL] ^ y^J| 4JLoi ^JLLjT 

/ / 

i*j jf Ajiy iSy^- 4 ( 7 Be) 7 ~ -y^j fj^j — ^ 

. O iU^yJ Al*»j O^j y" jy <*j jl 4jl y y JJl j l0 Be ^ ykyjl J ^olijyj Aj^j^ oG y jy 

^pLaJ»| JjLi>> ii tly ■ <U ^ yryLl Lp y*J^ yAAj ^ y„_Slc 

■* << 

& l ./a dll y> A*i Q jI y^-^w . ^yjljyi^ 4^y-5^1j Aii^Sf^ .Ljajl 

> 4* 

y^- J <l)f 0k>-S^ ^ .■•kl dJUt ^JalfaMj y^J J 4^pljt^ , ^l J^Ui*jJi y> yj — oJfcil 

^ yi-1 (3 j ^ ' 1 * *' 4 Ol jjj Lg^UfiJjjt >-AlP yljij 

y)LuJVf ^J-4 

ol yuJl J o -ULiJi 01^ .Ub*m Aj yiJi Ak^l yp 

^J./3 Ay ;t ^ryy AyrL*Ju*)/\ tdydf OL^jJLkl l^JLJL, J . Q^y i A t y/ *ilj id If yA AjjJlil 

p 

^JjLAJ AjLm> d^lAl yj* & jj£ ^ ' -y * . 1-A^S^ j[0*»JU JLP y^jllil ^ -b jlstmJLlI 

j! jja- jU^Ni Ijil A-^U 4 JjS'l jUob^t yp a 4UI oUy jft 

.y>jJ) y> -bu ^-P ^JJlj c (^jJJf jLjJb ^OLJl ^*iAl ,4 ^ — 4 





: jU- J^aoJl 



pV ^J-aj j^\ t.^j^>- 5 Jl — Si jL — *Jl ( j^a- 



<J > 

9 { H •> 

. I aJlA*J Li» *&r 

^Lp J*^l ^ A^lJl Ojl yU ^JL?tL«J .AjLi> ^Lp ^^lp Aj jU^Jjyi 4 j jjJi iJ^yi^LLii (J jl A 

L^-*^«A>rJLO 6 ^Lp| O b\^» j ^JLP i^mwJj tAicJb* j^-* *^/l ^o t 0 . Aj\j y^S\ 0 j»LaJl JlJ yS o.A^S^ 

IfrlU- oS/ aI^OL* obLilll d Jb j yAs^\ jyJU , <jc*jLa C^LUj tdjJ-flJl ^jA Jjj ll JL ) y J 

* , 

dlb OU toJUU j < w ? j f j ^-*-L*-Ul J^Li* jj jjaS f bl .jjji tdJbJLP jy* t^JLk : — j 

^ ^ # fi * * 

. AjtJA* CjbLij <_£l 'il Aj ^bo^ll <jy>rjj» Li>l ^LaJjl L*i/ ^jUa-iJ'yi ^Jplilb AJjUL* ^jL& bw^- 

IfliJUb ji AP^Jl aJIp Ajj^ *dj^ oL*!^ A^jc* ^>Lp olji> t_3JUk AjLill yllaJl r- Li I J S^ 

* 0 J # J 0 * 

0^ • l^Lo ^***j^/ aJ*3 > * I^j Lp c«^i *b «* 2.1 tZ»>* I y£z .aJs^ww-JI UIp Aa*»*>Ij 

£ Jlp -Lpr aJp J^lajj t\jb\ JA u^'l j* ®jLp — JsjLf £ j+~ it 

t fi * * o fi 0 * 

jl jy**AJ ^ ■>!? < »i«^J ‘■I, - - A- 1»A^^ oIp^v- J,1 tUJl oL^j oL« A-l 

(J yCL^~\ ^ *\s>xJZLa^*j 4_iL>- ® JjiP <U **>• 2j (>£ J* jjJL# 

9 * 

.A-w—J C^lp ^ J,1 OjUL-Jt' 4j jLlil Ay*w>iaa>ll 

j^d) uLuaj j 

•ti >" 5Jb-l jJi l ya~l\ J* ijyi\ .JA^\ jjjC. LtjJJ "Ujalb" 4iill il jll J^SiJ 

cci ^1 j . JL>-1 j Jlo\j o jic^A i\y Jt OL»-Sf' Ja*i £ o j\p ®! !l ' * 

J* 

0^ . ® jAmxaA dl^jj d j Am^+A jjP ^Jl?t * ,,) 



#> (# 

jjjfcJLS ^53 <j J ^-L ij ^ yu Jjji Jp ys>\ cAjLiAl <J yi\ ja AjliU \jS bOp dJLjjJ 

aJ j*jtJ y***J} la** yz£. ^\a **> ^a j ^pJj .^jLuJI ^ A *yA d— tdi j i S' 

.(X) jJua Ji I <->>b 

jl UJl J&* c^S/ . jlJUtf>*>U JA j£\ AjLsJlI il J Ll Ja XJ jL ‘J 

ry^A 01 aI^Jj ^Ij jl <J.*,a.a+A L j-l^- ^U&jjp jl L#Ip Ajuil jl liu -»- 



<!*> bi->c^ y snt . ji », i^l l dL^lj ajuk> A^w^ijj lJ-*j aJ| ;L0b y£ ( a 5^'L*^''^l 5l 

o jia} I a3^Jj aJjJ^- a^Oj LOb j-^il O^o 0^ 0 u' 3 *^ CAP > 

*^1/2 ^ J* J- 3 L y**Jf lJLvOJJ Aijyiil Ljw*^jl 

^tyi LAjI«Aa* A ~>aj 6>Xa j^jA .t 0 A*!^^ jJl Aja>*iJl (Jj ^ ^ b^t o-Av*j i^£yr A>l 

c-Ava j Jjj- 4 *^o J V^P C. Jl5^ ^l^*«ll »/7i ^j, ^LtO'yi ^jA J$oJl OJLli dJLi t, - . - ^ il :T 

^*Jl c-A-^ jjjA .a-jL^S/I Aa-aJI J,j dwLiJl ysJc^ i(2t m ^ys a :Ll (i _^l^l ^ja j]|) ^ y - 1 ® ^^jtil 

n Jjy ^ coUJl aJlLi Jj .aJL^^I A^aJl ^ Jl 5 joJ j^3 c(3 t m J&\ ja) I) ^1 

A-9^a]I 0.5 jl 1/(2 ) J,J dwLiJl ^yaA>tii g , * ^ 3 a *^ ^0 Cf*^ U A 








J,Uil) taJL>* j JC f 2LJLg_J\ oJLiJl cJlS" J a~L>- J JC 0 aJL^I aJLiJl clJlS" I3J .aJL^VI 

x { = 0.5 n jc 0 

t]/2 cJwij j^i j' <S f^ 1 (9 - 18) ^ C — ^y- 

* * * '“' 

1 Ijjiv’ O^Sf! 3 ^j/2 • A^L^Al <Lp\jui^i fl^lii ^ip l^l^Ipl aJjLa 4_?r - j Jb 

A*®^4 -b>r QjX^OJ ^\juZ>\ JaX A--l«Jl11j iS 0>^/l>- <J$ ^ A-jL 

. Jva^L* Ji^ i^r^* t\/2 

t_3 aJ j*jiJ d~jL> .^Pbj 3 JlP aJ*^Jj ^Aj ^pIjuS^I (J“^-*^ bb Ju>xj ^ ^>4 AjLi ^ 1? Jj>r» jj 

(L>^ij 0.69315) 2 ->-x*U ^jjIpjIJi S\ ojtf c£jL~j .(A) 1-uV — J) ^ 

_, * * 

I ^JL L*5^ dJLta ^jP i j^XjLA lAfi */2 *1 ^1 P L« 

X = 0.693 15/f 1/2 

AjjIaJI <iuull 
^'L*-ki*yi aiuil 




jal^- ,4«^ujj A*^»A? ^SsJl 4j>r ^ll <J ^pljui^/l 0 *jL> y*j jl ^ 

t # t s 

t\i2 J* Ji*i Ajf JA JJUxJl CjU JjJL^- JULP Lv2j! JLS^tj .L15" jllib£ j jl^jT U^» ,j 

t m ** ol-u lil .(S' 1 ) _* J^b 1 o-;C Qt- Jijjbl <ot bLli .(_jlji_Jlj 

4 

. (.__.«.»< Ll* jjp jSLiu ajip j>t aJ^/ *^i?L>' o*jL> *•— - ajlp I y **- 4 





jddl J-aoJi 



OAfc jJJJJ Cjjl ytllj dUO Jx *- yA O jLaa j* JJUtJl OjU 01 

X = 1 /t j t= 1/A. 

: J,U)l J^LjJl ^Ip f 1/2 owa-u x _ / *jl !1 Jx*- - blAjl o^Uil oJla <3 y 01 

t = / 1/2 /0.69315 
- 1 .4427 t m 



t m = 0.69315 x 



^jjJl ^UajJi <j ^b*A*^fl dJL>*j 01 .^Ua*>U ^i^Jl y? ycS\ a>a>«jJ 4j*]sj£- o!a>-j Sap i_ji — U jJ 
Uij ^UA*>U j*d\ .(Is ') 1 a>- 1 j Ljjj ^/Lail ■ (Bq) Jj^Lj ^ — * olA>-^ — U 

plj^l y* y <j toU jjl J^-A ^Js' c 3->*-AJl y* OyJjS"* 4*+£ii 

c_3 yij t^Ail oA>»j A?t- y .(C/kg) Uyf jS' ^A A-^»^Jl dJ3 aJjAJI oA>- j ll Oj M 

.C/kg 10 “ 4 x 2.58 yl£j (R) 

t(Sv) O Z&lSCll teyfJJ A^bifl a-L>- jj! OU t^bcA*>J ^ J J^Jl d^L» ^ yj JU — p 

j> ^ 3 * ^j) re/w oA>-j OL^Sfl j a^. .(lJ/kg) fl ^PyL&L i 

. 1 rem = 0.01 Sv i (an acronym for roentgen equivalent man) oUKJl is- '~>ij>- JJ'j! 

^flj 0 p.y>> jy*V 1 . a-»pL*A »')|1 ^yp 0 ajA ^-1 ^ 1 p A^l A>-yil $Afc .£ ?• <Jf* y *** — * 

(K # 

Loj c l*-A *)j I yp 4 -*L*Jl A-jA>- J 5 4 _m£>L>- cLiij LaL« rem j o!a>- yJl ^ya*> .3 

100 JA OUJ^I j/yu" 01 ofy Ja . JJU jSLio J^iJi V— UJi olo^j-Jl c^^Tl 



o^Lp y ? jCLi 4jl jl U^jj jA OUJ'yi oLpL*» ^-sxj J^>- jil ^r ,!t:i - 

0 yiJl oLi« j j 5 juLs< dJL^5" oIjLp 01 ^LjI rem i J] 

Ji V J r > “ 0^* UAlP pjl^aJl 4-*jl ^ — v Ji ^ — *^1 

dA>tlil Olj\ ^ll jj ( 3 j 4 Jl jl^*^l ( j - 4 P-Ujj Aj ^J rl oljUJl Jl a/Q j 



U Jl Ol 



J 



.L^LI^j 

^^I^pL OjjUx Cjy^ai jj ^bci^l ^ a 3 yi^ oL«5Cj ^ — Jl 

ob>-jiJ (jl (3 J ^ai . l l O^bl-l jj ^yj^xlil OJJi .t_3UJrlj cpLp^lj c-lUrl jj j j y*-j tOb — 

d> #> 

AlC j_]^-?“ b^^A) lA?r- o> , l-plj*- 0 *y ^AtaJl jKi Aip .o^y«JJ ( 3 ^ y 1 ^g— (^Jsjy— — i Jb 

* , 

ob'b/j OjA>> 5^*J (.UAjI A*iy»r ol yii? cOLb j^Jl *> ibj J tol jO_J 

. AJb jAw« 




J cpL&dllj luJUJl oLJl 




AJm1\ cJU^M\ 

jUaJiJ^l JpbL* jy*i .v r -JaJij lAPtiyaiij c^JUJl J$ aIjIa o*Lj ol a. ; }a7 ^pljci^fl U\.t -.[( 

jUaj ^[p oJji! oli jj jOL*Jl 0 jiJl Jwa^* <j j — ^Sfl J- — Jadi 

* 

. L^j>*JUj ^jl OU^JJ o^IaiM C^LLilll u. «*«**) Ij^P jA OjU-flii 1 ./a a ^jA I0 j& Jju ^1 .£**1^ 

Cp— *Jrl fljjSfl ^UsJj ^e/ 3 ^1 (J £.LU^fl ©JlpLJk w-JaJi (j 4*JtiJ yli aJl J 

* 

j J> U C^lp y>r .aJL^IjJI *UopSn 4*J t^yajSfl O^-U* 

4^*Xxll ^j ljS. ya . l l ^UjI ^xIajSJ 4pb.ygll ^ £^1 ju£>^1 j-wJ 1 ^y-Xll 4 JjL^- (3 01— >-S/l 

:>! ^ll jf :>! ^ilj aJlpS/I &jl5 JS ^Ji oL \j jy^lS\ JliJ jl c<ii J\ l£^ - jf 

l£ oUjalil J^Oal? .X- Aa^.1; 4j ^L l J?j]ail ^^ip 4xi«S|l y y&j J>-( C jtJS I U J^IjCj ^Jl 

• fy** Or 4 f>^l AjUJ- -UjJlj c^IpS/I 

4j*n.|(all ^tjlyll^ 0 *>Lup jLq^pI jjiAili 0 y^~ f.1— >-Sll ^L«JLp ^.A>< 

c2l>- 4i!*jl j U jup jf a^p JupI Jup .aJUjJ! oJLa J UlJbw-1 yS^I ^ygjJl O^j ^S\ JSLi. j . Aj j ^1 

. ^C C^lji <J,1 Lj^jJJ C-^ljJJl ojjb . 4-lSsJl 0 ^ j^il C^lji C^lji { jA AX**a 4-—o yt *XaI*j 

l? Ip J j-yaJ-l (^>- jJ l)U*o^ 1 pjp ^UJp £^iiU*o tobI>Jl (j ^C JuJj£j ^\jUm^\ flwLi 
a . i ail 1 dJLft ^Ull {.UJLp .L&jIj^-I iO&jL&^jl ^r 4 -}^ coj\-^Jl 4^11*11 0^ A j 

o Jj^J o jA jlS 01 <— 

^ * 

0jw 23 aJL* Lj - ii olj^y?Lj«-0l j! *5 

jl -laa*» -\i 4 j 1 JbJL^- icJ>Jl^-1 <J\j^r\ ^ jPt .4JU* 0 65 <^1^" *-^~ 4 

^J,] ^Ua^-1 J^>-3 c. . * > «. ) J l^jl-! 1 (j ^L^il ^ ( %J?;,: 

.^pjS/l ^Jl IR 4>cil ^ jtll 

cJuJl (j Aj _ pT oljolj J J.ya^»- 0 y>!xjidl y r ^-*iJl ^^ip C-J j>r\ ^1 AyL^^l oL 

01 Ai yt . ll d Jja Jp l^U^iPl f.LJUJl jyJijc* (JjsjI 5LJ-1 c^j-^ j 1-6-^* ,J^ J 

4j^yiiJl i s*^p Aj Ijcj 0 ( 3 ^ {_ y ** ^ *«XaP «4jLiw*<w* v— ^ 4 *»/s 9 4 J l . L 1 

. AyjlS' 3l*jl 

(5-18) U^L4 

U j JCq Ail OJb^jj o-Li c— i ,4-U- 100 Aljju* 4 jc 0-- oil* ^jj-P cJwaj jl j&\ 

<? 

. L* J> 365 J jy J-V x 365 SajJI ^ 

(5-18) Jk 

:UjL- 03 J 3 M aJ^LrII tO-lii y>JU>wJ 

*365 — 0.5 X 0 







(Ibiljj .n = 365/100 — 3.65 iJU-l »-i» 4 j X-^jc ll _*jJl i—sUiil sxt- n jl 

«a ** 

■*365 = 0-5 X 0 

:oL* ^li jl iJ^li sJLJI iataJl ,JI kiili }j2j .x y £)b) aJT 0.5 3 * 5 

* 365 = 0.0797 x (] 

(6-18) AJLm 

?(5-18) iJLil j I Salll J5UI O-.0 y> U 

(6-18) Ja. 

ij£j L-j t|/2 »iu& 4 . tj/2 j»*Jl i_a-a> iWJb X JtX^/l Ojli! Sil— !l 4 *2*0 Jl ^Xs*ts. — ** I 

A>rjJ .(J^^VI 4>*£i ^Lp tj l)I^» (^1 4ili ^ i 100 

U m = 8.64 x lo 6 s JUl J .(-jJl 4 s 10 4 X 8.64 = 60 x 60 x 24 

X = 0.69315/(8.64 x 10 6 ) 

= 8.02 x 10 8 s _1 

(7-18) 31*— 

.^bS/lj (jjl ?(5— 1 8) aJU- il ij A^-j^-iJ.1 djlil ]q ■» ji^ jA L* 

(7-18) Ja. 

4lil*il pl-LP^I ^ ..- * t^ljillj T^lp (J j-^>*D .(J5i^-Nl C-jIj *—> jii* jA Xj^*ll ia y* 0] 

. (^j ® j j ■ ■■* ll^ ^. .. ^ nJI !** ■ ■■ 1 *-* AA>L-«Jl 

t = (8.64 x 1 0 6 )/0.693 1 5 
= 1.25 x 10 7 

4JJij . 10 4 x 8.64 J* c^Vlj ^1 jA-l jt- j **iU .jlyJl yj\ jir\ jt- jjjdl ij y* ity- 

Ujj 145 U^>r 




jSLio AkJ AJli ^ O-^rl b) aJL*- j .6 JUiP UlA j u ad\ ^1 J* P 

AjU (3 9 $ Aj J 4>r'yi j! LJLp t^>s-v£> 

?m 1 5 J jW L* .m- 1 5 ^jA ajI J~* ^ ^ • 1 

Hz 20 (a) 
kHz 20 (b) 







» o 



4BI» 






MHz 20 (c) 
GHz 20 (d) 

til L> Ja J^LS’" dX^ j -2 

.UV JU^Sfl (a) 

• LuJ L^maOt (b) 

O ^ 

.UJI oU (C) 
.oUj^l (d) 

(j yj* JT j aiyi ii'jju) jsLi aii» v-> j4 & i J _>iU o £3 .3 




.ELF W.I (b) 



.rf (c) 

. L»Lp Ax*M (d) 

J>l^>- 0 jl .4 

.aT y- aJL>- J (a) 

.ap jU> (b) 

^\ jiuJi (J l p jlo^u (c> 

jioiil X 40 _^Ip (d) 

^d^LLl d-L& '_ * - 1 ^ * L* . 240 L*Lc L^pl*»jil <jLcl a**^ ai^c* a^pIaJ*! a^*p Jjsju .5 



30 (a) 
.fc— 80 (b) 
X~» 160 (c) 



. 0 ! 210 (d) 

Aj^l j^|l £^jL feLla flll (j AJLiUll 22 J2 Jl 4 la <»■** yiA Aj^j^I J^\ ^j.^2 *)} .6 

£*jI-^I W-X*'' t£*kj (3) 

if — k*A (b) 

. jl*^* (j ^**~*^k*Jl ^Jlkl \ ^ (C) 

,^Ja J$\ jj^jy\ (jl j&-\ £*kl~J V (d) 

J \ I ol>-^p oli f-l jjil oLik yj L^-L^l **~) aJL jiff oliLwk aj^oI J>\ 1 ^**^1 ^J-aXij L»JLlp .7 

jLli'yi Lu ^Jj t4ik?xil 





. W> jib (a) 

. (b) 

(c) 

-E (d) 

<3 IR A^r^il lAl 3 IR <— ^bLi ON (3.) 

.(_£j^O *u>? j* 

ojl jJl IR ijuif c-^J- Jl&l ^ <_$ ji?\ <J>NUll *1 ^i>*1 ^jlp (b) 

• j&\ IR jjj*. v-aj o (c) 

.^JlLM <LJslaJ 1 ^jJsjLii jL^aJl (d) 

01 XLf^ y> ^jlkiJNl JpUib aSj\jL* ^r jjJJ>\ ^UxiNl JpUJJ 4i~J0 .9 

.^jUoOjNI JpUii qa ^^rUajNI JpUil (a) 

•if jUa-iJNl JpUil frU; ja ^-LjjNI Jpuil frUj (b) 

obUj ^-UjjNI ^jpuil N (c) 
.J^jLjkll 3JU- <3 5JLiS" ^-UjgN' JpUil ^Jl>l^1 { ^s m (d) 

ELF J yi>- £jA dX~J>j AjLJ- 5xJr1 Ai Jai\ .10 
U > )\ jt ^ 2 p ^1 j>. <;Uj (a) 

.jl^JNI j- 4 ajL^IS ^ili (b) 

.^jjil ^p 5^* oLJl ^LoNI (c) 

N (d) 






cJL>- ob ^ ^ V jil Ui^—l jA\ Sjl. >- ^1 SbVI JL- Jn—p o-4»"V, f ^ 

\j ^^^<m»L».LJ « t J “ — — - * j ♦ Lj) . 1 * j» '■■ » ’^* JK 'III W I A 




JUIa ^iLJ . <P j— JI j L*J1:> c^ijaij <j\; j+aJyl Jjj^LaJl LJta ^ii s.^Ja3l , ; ,g* , 

ft _^aJt V JiSi gjjdl Ja*v ^1 OlT IjJ t0 S^J J , S *>UU j I *_^J| i UUs OttJL-frUSl 

tf ^ fC « ^ # w 1/1 1 , - 

LAAiP <^Jil^ V C ^ til <W^LP^ ^1 P t»X jl l..i.«ffi | *1 fl l «»i . ■£ 

^ ,; , *&» jj. ',':vj;^ ;‘^'' || 1 8 ' 

jLw» J^£o C^ tf-'^i (Ji jjl QA jl j^Ur jji J,l ^ j-siaJl J-<&i l4|--v ^X i,, vj * 4^^ 

. oT ^ll 4— *>\JX*jl JLP Afct^i UajI y & Ji ^UJlJi ^-Ju ^UjL&$ 

A t \ ^y|^j 




JjjjJi Jr - L$ ell j^i cj-jJa Ji ^*5 jil ^PJj 

j* j aS^L-j ^ jJl jL~Jj jA £ L*jJf t \ ^aS . AJjJsJf <L* jJ-i ji ^fj^M-.-^ fjtjJL 

• j >- T c£? <j j' <j jl ^U-jJl (j ji 3 ji ^Uaiil ^ 

6* *»> 

j ^LajLIaJ^ oJU^ , A y o ^w t * ^ A*^r I ^ 



■iSj& 



W;em 






5? ^ q ■ *" jl^ 1 * 

** * * * 

Ll*$ -X^-l ^i ^>-' oIa^jjLw* J5 ttiJiii j^ji? 

li>^Aj <U^« jy*\ -X^r y . L* Z i> ^~~ J . <a\^2j j\ -Up AJ^bJl 4jljoU jA 

fi * * ,;' til Xqj^'ot? 

. Lp y ^ L^5^ Ia*~-w« IjjjAA j ja^\ oSj* JI . Uj ^J aJi <*JmS1\ c3 j^oj 



<$ ( 



-j u jr 

\*kJ> * j> 







(jA Sx^i\ 

iiij ^jlji j ^i>di <j} jjd +~ j ^ .^is^yi t_j m ^tjjiiii ^*3 u jLji (ji jxs^j li ( j—a 

t ( # * 

c£' jl <J j* Zjy*p LJL*3 jlS"" *£* j^\ am jl .— 

.1^ 4*»\j^L*p\ 4jjlj ^ AjjljJ i <UP ^y-s^JLJ L« ^ t*_j> ^1 (1)U ^LJLjj 44j ^Jaj jii 

£*PjA yby ^l£*J*)fi O^JIaj IaJlI iJ-ft J &jL*JIj LC.j 

.(1-19) J^IJ 

** 

I+ -*a z+* * .1 Ij L^2jI ^ p-Xj ) 1 + U bJl y—< 1 J JJ^' ^.j'j u- 1 * 7 ‘ olj -j-^— J' J 

L*J^p 0° (jy jS l)I ij^'‘-J 9 '- * y_}j^ »*^ (1 — 19) jwl ,(pJ? l; ll jl — *L*Jl 

■ C 1« 1-D 4Jj\j t^rf 90°j lApj^lp 4JjljJ ^ 4a^J lj ^y*p}\ ^IxJuil pJaJjJ 

yp ^\jl^ tl) jjli j.*. 1**0 ^ 

jlil jyxj cdJtgS" aJL>- <J$ ,^ia— JL j 4^Uajjl Sjxaj ^ ^r)a..JL) ^4aj j J 

^)a A* ^jA <La1s J£ - J^LSj ^ 4j j! y^A <LJ yP AaJm 1 d*XP ^ )a> L«JLLP . 4 Jatf.il! i^JJj £tJsL**JJ £jA 

0 p Lfci > * ,^ "'- j j^p ^j^-* — 4 u'^' '* L —-^' 

jjblj jJpl 0^!U>- j j . (_£ j>-l oNl>- 3 J (j^ 2 ^ c5 6 ^jlio . jl 

* * 

, Lo I ^Jup 

^ h\ *l\i luwnll 




( ^caV J ^-iajaui ^Jaxu (jp ^ IjlJuII Jjp ! (1-19) Jlifl 

,q C-i^aJLi IjA ^jjjjj 1^)11 lulSJ ^ju*il . jiV 1 AjjI J) ^jLyuj Aj jl y 





Ob j~oJl : jJlS' J-Aflil 



jUiSuVI 

LLtiUp^bf (up Jit vUJl aS" jJLJ I US" jUSCyi jjJljJi 

dilS J y4 N .4ili»Jj JaL- jty j 4ihi£ oU^j ?. y^}\ jLijj! oyi .jJlJl IJla a*w>^ 

229,792 4P^— j c yjajl J-ftXJJ Q,«>- cc*}bJ“l <J 2 4aUa^ c yjaii 4P j~*> 0 | .4-w-w-jJl 4 j Jiiil J 5 ^y*U*S/l l-^Jl 
•c£ y^l J?U- J Ailkil ap j-Ji j+ tkj ap^~j Jaxi t(mi/s 186,282) jt km/s 

j! yS^C dJJ3 y* pP J>\ ^Jpj (j tZS'j** yP Oy b J^-Uj cl <J APj^- < aIx — ‘i- 

J UP 4^^Uli bljjl y* <bj ylll b jjl <J5 4 jjU-^jI 0>1jjjU OlwL>-^| AylS" 4j?r- j Jj lj\*5" Q j Ssj 

t^ylij tclll <j$ c jOJl Jaxij .4aIi^ 1 oUli^Jl c->b c.1^1 JxS" (Jy £ — 4 

i Ja** jJJ 4jj L*Sj y/ <LL)jJl!I Oj ,c*l!)bbl 4jLilib <bjbL* j\*S" c-by Aibs-Jx — ii J?\ 

& 

bl b^i ^Jl tjJllS (Jj c 4P j*n Jl c'^bbl ^ c ^.JaJi ap j** <amJ ^a jJl ^jL^\jf 4 jj y UsjI ^P-by 

jL^JI 41i J uL> J>^b tAf jJl (J c y*d\ 4P ^ C m J c*)bbl <j c y*aJl AP^ ^ C O ilS" 

aWL-^ r m t M -U~* jJl 



= c/c 



m 



m 



a* s* 

4Jj y 0 1 1,_ -flJ yiilll 1JU Ld3^j . C m ^* c /^jP jjxJtlJl SjS' <JS> 1 UJb ^*Xs>sJL 



. 1 ^jU*o jl I L-3bLx Ja-^j 

dilj ay. J^abill jJ-i ^JLp Ojjy JU P c^aJl U1S" tSibLiJl oilil jU*^Jl Aliy Oibjl UiS" 

C^U-jJl £jA j£\ c ^vail Jjjl .^Ur J 1 ^ y l-3*>ll>-b jU^j'yi I y OJU^ .cl j. A J 0^1 li 

^ylll OjU*J>- j^jJb yP Ai^y^* ^yUJJ Ojj^SCjl JlSj^\ 4-jy 0 } . yj 1 y* yS"l C ^^^1 ^ 

.oJJLxl^ l )1 jib 

(1-19) XlL m 

L4 J-AllJ 4P ^A U .y^a^/1 c j./all A--w-ljb 1 .50 Al^a 4^bbl OiU jU*^jl O^-J ^JL__) 

jJl IUa J yU s»^/l C y^aJl 

(1-19) 

oU-^Jl JP Upi (3 ft AP j ** J 4_j y 4il— Jl 

iJ ft j-lll *p j- -sL^i l j$U .km/s 10 5 x 3.00 Jl c j — n 

: Jdl J^LiJl JLp c m SiOLiJl oilil 

1.50 =3.00 x 10 5 /c m 
1.50c m = 3.00 x 10 5 

c = 3.00 x 1 0 5 /l .50 = 2.00 x 10 5 







JualiJj .laJl Aojj^alt 4juiSM 



jj5l (j^i) J jSlI jUSol o y OJ cjUSo^U Lp y Nli- (2-19) c *y m 

y*. (0° ^ 4jjtj) ^“U ^JJl ^liutJl .(^lp^t) 3^ ^ jJl ajj y y* 

U-iS" OjjjJl 4jjlj O-itijl UlS" $ 3 ypl Ajjly * y c£^ •* — * 1 ^ j -oo jl l)j^ 

^ <>■ j?- jfj * Jj^j! 4 jjI J ^Lj L»JLlp o.il3-l 5 -j 4_4yl“| ^ jyP 4 jj1j C ilS^ 

^-/^// ^iS^yb dUi i-3yjj O ^ jljJl Ja-w - ^1 i„iiJi y 'b/jjj *aJ-I j^Ip y yalt ^U-iJl 

.^UJt 

. JjL*^U 3 ^*-^ ^J^y |*Jajy -Ulj (yy*Jl) ^lill -L^i jJl 

^Or * I 4 *1 ■ .jl ^ ^ ‘ ~~ .pill i " ■ ^4 L&.AJ&L..*** JmP 4....,UII j I ' 0 y**i * I I 'i 

p^ JTj ^-Ulj tv^'j tJ U-iSflj tf.L»-*4-Jl o Jj&lJu^ .jjjldl lJu& C-j 1 j C~l£J t J? ywall 

.AjjIjJI Aj>t yi* O’L^-AjtS^ ^Jaiil o y^3 <J o yi.3 ^y -3 y-T 

JT ^^lp (2-19) j£-iJl y U-il J.j.Ja.?> yL^lv- cUxla^ yl^Jl £]a+~ — It j £> ^ lit 

aJaaiIIj jL» ^1 2*a*a <**-uJU jLlp'yU jLwJxj'VI Jbptj . 4 la di (^1 J5 *A^“U j*Jajy y J — ^ 

(3 jjp ^jUmSC»I 4jjty^* fi^LP ^Uajjl JjbP 4 U a: h ^LL ( yl . C J 

, o jl>- ^ 1 p jL**^->'yt tU-J. ^|ilC t^jalxi^- J^Li) 9*XP 




lU,U 11 iaJ! Ujjjp Aio Jat j! jd <*^V! :(2-19) 



. 4 oh-^. y>\l , ^i^Jl Cj| jl JslxUjV) (JJJ 






Ob Jl : jJLp 



Jlul 

Iij ji Ui> ^J-s^LaJl jl^-L ..o’ jjlp j^ja S' f- l*JiJl (^x* juj^ ^ ^ c_ 

,^Ji^*/ OjjU 5Jibil Laij c4jaii^ 

L-^jLm^jI ^L> 01 j tAf s j M r Oi^ 1 ** ^ 0^ ^Jsu*^ -b>- 5 01 jlil . (3 — 1 9) jjaj\ 

0 0 

*i r^'ji I 1 lil y* bS" jjju Ljj-0 LpL*-w sj Y 

.<Abs 5 j r jL^Vi 01 j3 1 ^ tU5 ajjIjj 

* t t A ' 

( ^ .5 Ja*v^ JJ \.« *a.«o ^ ■ ■* ^ 0o» ^ ^j I A*j^^ t ^ ^ lo ^ u* ^ -r < 5 ^ c/ 9 ^' 

JLp jV Oj^j O-^ B <j £-Sj Z 5 t* A]aJL> <j jlll N . L ***o A*aJ^« jL^J! 

{ ^jA .p <kiJl ij B (J ji~ib ^Jajjij M r ^ J$ Jili> Z? ^5 jOaJl ^UjJl 01 ^ .P aJxaJI <j 5 
^ j-U<aj (^iJl ^ jOait £^U-£Jl jS *P c£ (J N p-^bJl £* R gJl aj jlj — Jl x 

JUbj ,P J N S £U-sJl l*l£-io hj\j\ycfii -Af g Jfl i— JlPtfji^-il 

_yj x Ob jljJt 0^3 .y < X 0 t uiJ e£ j 5 ^liuiJlj ^U-0 — llj tTV 

5JiUil oJLa 0 jS^J J,bJb j .0° aj Z? ^UjOl aj jl j 0^15" tJaii bl j cJaii jojL-Jj* 

:aJLO| oJla i$ yj x u& 



sinysinx = r/s 



N 




S 

<*■ 

\j u>ii AjJaia-Lft _jl >n^*il Ajj^)5 Jrutij ^)La ^l*-ui I^3 — 19) 

* 

. Ufuij Ajiia^o jl nil'll 4jj JH 3 -bu»j 








** 

: J^LiJl ^ p aJ^UII dJub yp Ly>l y£Lc 



^ sin y = r sin x 

j*J ‘M S J M t Oilau-J Oy IX>- 5 t<^ j>-\ d y . (4— 1 9) Jl 0^1 j — )aj\ 

(ii J a— j <y ^U-iJl y. tr > s of *JbL *L* J Jy- . Jl yJl yL sj r 3 — iLUii L^ jL- £il 

# ^ ^ " ** 

Ctj t7?j tPj iBj tjV <-3 yJ . L~J \^xsc^a jL-^Jl 4JJ y _k^ j L~J A*-aJ _/• jL* &l 

B <J y~A\j R ^U-iJl ^JsJjl tLj Jaiij* tb! tx = y d <f^ m cj~>- Li" .JjLJI Jtiil J LLiy Li" yj 

^ .X ^ y c4-^mL> (_£ (j *$* ^ LwJl j C./? ^ C_A/^ «.fl.T..„w.l» I ^-fl J ^LIj^ .0 ^ J * 

:LiL- Aiy* jil <JbU J Li" Lie t *JbL «JL j jyli 
sin y/sin x = r/s j s sin y = r sin x 




LxuiJ 4-*-flj^<» jLoijl Ajjy ^ j Jajoi j (> > £l~i :(4-19) JS*iB 

P 

. Lujou A Je*SL2k \a jl mijl Ajjy ^ j iaxu < 3 yi 



4a , AjjI \]j 

* V •*>/ •» 

^J,j t L-tJ 4 jLj j* jL^JI 4Jj y <^3 la.* j ^ p^JI y: .(4-19) J^J! J! 

5 ^LlJi t90° v y^j ex ajj! jll o-^y . A* ^ .j 1 Lw<j 4 « /3 j L m I AIj ^__3 

£lj t(90°j 0° Lv LL?) ajLS" Oji-S" Aj ji j tx LjjlP ^ y— ll J — >- si 

r ^L-iJl tdUi j* y$"! x o^bjl LI .Lie B <S y-Il J S j*Lkw*il j c 90° L-JJl y h jljJl 

.dl j^i" x^-l ja/sZ) ^\ ,B ^L“L ^1 





Ob Jt : jJUp It 



Lp:> .Li^-b d N |*J?lJl £• R j^U-iJl :> jjj aj j\j j£'\ ^ a^- j J-l aj jlj_Ji 

^ <b~o £jllib 4j>r I Aj^jJl .Jt c AjJ^J^ jP«Aj 

x c = sin -1 (5/r) 

(2-19) 3jLn 

f.lil AJJ C-Jb^ f.L» aS^ ^ia-w*» f U^J~ 

bi .J,ir j£-io Js*0 01 .1.00 jL^I oy bfcjLu cLjj — Sj 1.33 

</L c(:> _f*UM) i^bbl) 4~Jb 30.0° ^Ja~Jb ^iajjj jjbJ' *a — ^y <J J — "" 

?cJ y»l j jtia— Jl ^ A-*jJ~l jjlja:,:,.^ cLbajI p-bbli A^-jJb cAj j\j 

(2--19) a* 

.*l>l M s jLj *lll M r jU Jblb j . n Ji^SU ^Sfl j/ (4-19) J aJbU 
^bi y> J .30.0° x Ajjljil ^bS .5 = 1.00 j r = 1.33 ^ jb~ — S^l t y! J — i 

aJT J,! .y :>b£^ AbUil j oUpty Jp^ j^ilS Abbe* .y aj jljil 

(,£ j£ .A**^l>- 

sin jVsin x = r/s 
s in y (sin 30.0°) = 1.33/1.00 
sinyO.SOO = 1.33 

sin y — 1 .33 x 0.500 = 0.665 
y = sin" 1 0.665=41.7° 

(3-19) ii-u 

«Ub ^JLp i\a A^jJ JA £jJ "*4y* A *J*H AJ*s- JA (/* '■* 

(3-19) Ja. 

t (2 — 19) iit-i! li>r ji ~ I Aj_j! jJl 4*. *P ..I 

■ x c * 9r . >=*-* ^ flijVl .x jjJJ' 

x c = sin" 1 (s/r) 
x c = sin -1 (1.00/1.33) 
x c = sin" 1 0.752 
x c = 48.8° 

a> | A^.*jjb ^ C^via-Jl ^glp bJJ A^wjJb d^kX5^ diJj^ 



i JjJ *ljj JSi~ U^- 








«a* 



CJ“ 

* 

c£ft l- X' ^ J ai f,^*/3 1 1 Of l< 1 p aj^jia oil* a*j y -L«jlaj 

y-Sh) aL >ji u ji >S ii (^^iji j jjjSd) s >*-jtfi w- >» Jtj—bSn j 

Jj^^il 4iij C^iJl UAl ol jl— *-*i j* j-~ ^ j *i -(J^JJ 

j5 -LP djLww-4 ^P g, j y3 . i l < — £ j£\ LJ5" cs-j-yaJJ ^L>r^jl f.1 — laj| ilijl l . + 1^ .((5” 19) — il) 

■Ws 4 <j^-^i f-^vaJl ^Ltj/I ~Lp £ ji S--r* 

jAj (.i^JlJoJI j* <La* £.L£J*)f J JA jll . j£-*A*J OL J+S2 Jl 3 ^ — *Ji j) 

. (AjLaJI aJlit AjLii j>r\ j>- Ljajl ^Jj>tl^vJ) . aiJL^ a-l *- ja Jljl?^ jll £.j-yaJl ©JLi ( j^a^oi] jL$j>r 

,a]ou^j oL»-LP J*^>- j a <S j j-a 5 o^*- <j** ^J^il 4 (3^ 




frjjJall "jltf <^>La.j3l jjJjjaII J <Lia. j)& £ j*^ *(^ ^) 

^ J jfri J! 



Li jaI) j (jjLuiJxJi 

IaJJLP d jA JjSl jJDj C^Lis^l ^ J* jil f-j-yaJl jL~£jj ^iSsxJl J Jb JA OiLil J £j: 

Lf JW?\ jl jS ' 1 1 J-LI ^L-y^s-S/i 'Ly^LP- (Jl^s^il Olj Ao^LtJ ^Ja3 aJs-^IjJ 0^^* ^ 3 *- •^- ?r J 

aj j^il J 5 -,/g" °lp>L^o«JJ O^jaJ ^L?r^U AjjL-^j^i ^ajL/ 3^1 . Aji^ii-i aJLp 

#> 

Ajjlj S- Li jl oL^Jbtii ^j_4JU J5 OL-J^I ^JlAj JJS- 

t frjl ,,h ji L«LjP A^Ji> jyLJi 4*Jt><Llii Ltl ^^J lI ♦ L^>- .*<> g.j^ y3.il ^1 ^glp ) Cf-^yaJl 



«♦ i j 



^ v\v a11 Aujj^di 



* 

v ^ ^ ^ # 6 J > 

LS^ 'j^ 15 j jl .|V>*-L5 yjrtlA (^1 '^* jl y%ZA ij\ ^jA AjJj*u> A^JP- f.1 ^ jjj >^-C 

jl aju*>- ja ^-*>Ll 2 -s^NI .cm 15 {$>- jl cm 10 J** *\j4^ j y£- J ^U-j" ^L^l 







OUj-aJi : 



Jit 



, A * 

jL>-^l <3 L- JlwJl ^JJ . jS** ^il pP L>-jL>- jjij \j^* 5\S~ j\ dp - j 

(3 p* y& LS"* c 4+t 4 J 2 JL) (Jf jf iJ <3 jlyii f 4 jl«£»I j 5^ y \__£l . it 

jp o^jl jJl c-j-siaJi Ax-il Jjc*- Uaj^ Lgj^c .JL-jjJl * 0 ^ p i*t»5>S/l oJla j L *jup ai-ta c(l — 6~ 19) 

.(*---* — 6 — 19) <3 y* LS" <• -it j/ p> ^Uii 

* * 

■>bjl LIS" . jS** ^il iJM pU a 5"L^J1 J y j U { Js' aj -b*Ji i^JuJl paJLiP- Juj » 

tjS" jil j ^J-l aS" U^ jl J <3 yJt ibjl Li 5" .f. poll jJLp li jJi c-obj! LiS" cL-JlaJI j jai 

^Lflf . J yM J! Sbjl yil *paJl SLit ^JUr l*j> g?>£ gj' J A^wUJl tfUi opj 1 LT 

iiL-il ^yaj pit// grjz**! t_3 pJj tj y^-i c5^ ^ju^a <3 4 — *»a*Jl <3 ^JLill Aajaill 

uyyo> b| .(^-6-19 jf f-6— 19 J£lJ 1 J LT) ^>1 J>Jl v>i *k*Jl j f y 

(^jytU aJLp jJLJ \J j \S"*I yJaJ Lil i5 ^ Lil U j£j t 5 jJu |^h>’ AjwL>«-« AuimJS’ (J^U- — • 

3jfcX^*j« 4ukM*X& ^jA dj\* S"” 4 jLm^* ^ip ^-flJ jp A*j j*/2 ll j\j£j .4-wVto\j»J! 1 cl . .. m (j^p 

,4p Ajaitj l j 4. JJ> - Oj 

^JajaJl L 0 £ C-Li alw-1 IJlaj . 4j j 5jJ^ 11 oL/JjJl ^ ^la ^ jl 

oL/JbJl f.li^-1 0 .LU d ^Jl ^4 <L>* JLuJl 

4^r J oL/JLjJI paw J .Uilji ^ oLt JLwJl p*j ^ppr j f.U^l jUail j ^sJJ C<1 jLjL4 

. it jJU~.il 4j-L>%lf <SjL+mJjiJIj oi-A ^pJU j iJb-lj 



•* £ J .» 



4 lAv A 




.ijjljlxi ^Jaii jjji SJjl jll 




tfrLiiillj tOl*-— A-tj :£Jlii( oUt 




s Jl&s 

«* ^ 

^ -.-Ua Jp IjJ>U j y>3 jl jptLL* (j j 4LvUp a\j^ J5”\juil ^jA-xj 

4^--uJl A^J d\ ibb- Jl jib Jtik^ jJ -VJ £*>* J- 4 jl .^^2^14 (^j)L5") £j-b* ^4 

y j # t 

l3l . aJjLf l i b^JjJL c^L-<JjJl ^^4 ^^.Ji IJla ^^pJl* .j5T ^il dLs4lj (^1 J>-U)l dL^lj OJ^jj I $ • $,.>r j *^5^ jl 
131 4jjljl4 AjjLaxLI 4jt-iS/l 4-^wbdl d«XA Jx^ — 7 — 19) J^-^Jl) L>rjL>- 4jjl^lii g. j.yb)l 4 j* »i I -“ 

. ^ 4 — ->~7~ 19) J^-iJl) 4^jli ^jUill aj jlj ojIT 

s ^ tf ^ 

^rja^,*u (j£wL* JLpj jla all JLp d j*-aU 4-*JbJl f j t a. jL^a^- 4AjJL?xll oL> JjJl <J$ I 

g ji^ll 5 a»*5»I 4^«»i JjiJ| iSjJS'Vi US' 4A-^JL*il j5" 4-3 1 ^^"1 j/u a 5^U-«JI ^3 ^l^jl I ■ *>■ IS** ^Jg**-. il) 

5(1 l*il 'J* LaZUm cd yii* JlP ^jA A jAJ 4.»jg Q& p-w^os- Jl wb»j CJ j ]g > 1^1 . 4 jjI j“ ll 

.A^vJlxJl d JL pL^4 Oj^ 4-lp j JUj \jf j*v?I 

jUa^l u3LMgjl j .^I p iAjJLaxil l3ljj]aji5^ Cd ytill ol Jjtll ^ jja ^ j J — 

olv-Jlfcll < j2*j gU^-l jUail c-3L/aJl j caJLjL«-14 l JJil Cj\ w-JL*Jl ,j^a — *j „ .ggfj gL £l 

, / ^ ^ ^ ; 
d^ymif lZjL*JjJL> aJlA ^pJJj ^JL?-Ij ^ja^w* A>-j Aj ylil oLv-JL*Ji \ .AaL — <J> j — ^ jl &j «<Al 

. 4 j jl~Ji 

+ * r*J •• 

o^jiAa A_kjiJC 



JP 





.^J jUi ^iVl S JiJI (1) :(7-19) JLifl 

.AjjI jJ>Q Aj^UuaII A_lj J|. <xj!aVl ' ^ llia 1 ^4jJ 




: jJUp J-Aalt 




■Sll 



ixi . 0 j*jl Ll Jl*Jl jyti) L4Uis>* jjjll]l Uj^o ^JLt ^jaj Aj A*- iS/l alyli ^ 

SjJL^fcll el jll ^Jjt£ I^UnjuI Jl*j ((1 — 8-19) ^j^-»iJl) A jl^l^ Oj£j L*JmLP o^jljJl 

Jja£ L«JUP 8 _ 19) L j^*iJl ^3^-lj) Ajl yJ* t A*Jli c-^jLiJl Ajlj C-jIS"" 131 c Aj jLSlll o^jljJl AciS/1 

iAjJjJl J-A>- y i£ j£: ,‘L^Ll* A> j^JaJ 4 AJj*> °Lr* jiadl jl 

. oLS"* jll Jj Aj^lii-l A J jJJ LI jll oJj& ySJU 



r 








.SJjl jM AjjIjIaII c- A ajil a/w oil oIjaII |1| ;(8”19) (JS»JyJl 

.Ajjl joa AjjULcJI eJ^l^ll $ jjJall AxjujI Lftxuaj oI^aII (Jjtaj 

* £ * 

Jfaj i_Jl «,<3 i U1S" J^2S Q1 */3 i ^Lp A* j j-^aJl AjJL^fcil ol ji.1 j^Xj * JL«JZ *j 

Jju 4j jl^ill e^jl ^Jl A*^iS/l *-XpLj (^>Xa jS" UT tf.L^'^l 






$ jiM SI ^ 

A*-^S /1 AjJbxil A*>-JL*Jl 4 j ^ jjl 4 jLJU^ ^-Lx' Ij Aj j ^ 1 1 A**i>S/l Zyulli oljll 

Ajai; J c^jUS ^ ^ Ajl ^ j Ajl «jl ^Jl Ac^SH 0 j£j L-Jt; P SL? ^> i t 

Afci'b/l 0 ^*iil oT jil 4<j J ^- 1 Ajai (j typ Sjy *^P . ((T — 9 — 1 9) — Si) aJj — £ 

.((v-9-19) JS^JI ^Ij) ^ ^6 







AJaAJ 





M 

Aa*jSM 1$ *jJU ©1^*11 iJ« 7-" (s- 1 ) -^Jaij ^ Ajjl jOOl Ajuuit S^ioil ©I^)-aSI ^)£jj (ty •( 9 ~" 19 ) 

♦ Aj^ljia <all 9^ jjJa jA gdnli JSjO-o (_jC- ©^pl*rfall A-jjjtJoJI 

• 6 * ~ 

.c.ll^-'Vi j$a& <^Ja « p i ^1 p ■XaJju ^ (.^j~S'\d\ ^x)a p_a*->- f Sm ^' ® ol ^11 ^jpS^pj>- A ^ I wj 

* a ■ J**P LaJlS^ .g.j}Qail O-Ol^jl LgJlS^ Ig-^Qall £ x\q *sJ L JT 

(^JJl A-w-OJ jO llil J^* 1 ^ ®1 jA ( 'j& 4^SCx-Lll i^Jujj*P ^1 jjfiJ j-va__J L.... <» IS"" 

.<b»«Ja*w» oi jA (Jj Aj**^^*-* A**»AP <,“-• ^ aJsl>-^I*>j C.l 1 ^ 

<J,liiJ ^?rjUJO JaiiO Ll^ll l3^\ ^ j)g-*x tAjJ^S"" ® 'jii ^ - 0 jSsj 01 ^X, 

y = aJ^UII ^kSJlT Oljj^ j* Paraboloid ^ .paraboloid <y^ exi3l g^ 

«■** ll ^>x£-. Aj jliL* Ij^-S”" f.L^-^/1 L-'^P > l) { L*U-LP <J y > ~ t A* J jl^oUjl lIjL )1 J»>-*^l ^ X 

# 

(jjb J^Oj parabolic parabolidal tfjllj 4 j J ySOf iijl! Jv ii yjjl 0j£o 

.(c-jI ^ iil) jSLJlJI j oT ^ll jlp I jS <j ji)l Oj^o j .^uJi l-JI ^JJ a^-JL? 

( 4 “ 19 ) U.UL 4 

^ d"« jy ** 1 ^ *» * ^juoj \ ^ 4,^.jj d^liJ ^jA ap j++p <* a \q . « *> > a^^ap 01 
aJjLa 4 f. ^Qa.11 a^w«0\j A-^Jjtjl ^gi L - *a*^ c-^-siaJl ^Lw , ,. vl U l P 

g-^O a l) A^u3b Jj^ail) 





: jJLp J-uaiJl 



(4-19) J* 

tciJAiJ . £ jyali LgJk* JjjjSfl £ jyflM A^Jb Jpl jLw*^j! AJJ J £-l^r J jl^^jl AJU J j| 

• j^S/b Aj jli* (J jjt>A J j ^ J J 2 ^ j-^-aJ 1/ <.j&'\ J^-£o (3 JjS/1 ly>^\ ^b*rj 



,>^^**Aj ^P Ju . COb»*OxJl <^J(L^b y (? ^ 



2>j*tft£lt OAjjLyJjfl 

L_JI djii I 1$ J jSfl ob jSL~bJl cS J* 

, cpbk<*Op L ^ P«.O^Al j . si \ 1 



jJli# 

yJd\ Jp o>U Jl jLs* £jLJ! 0 jA Jl J 015 " ^Allj — JIA J — l^p j — 

& j ^ * * * 

. P jjUL* A* y P A^*> •-LP'^ AjO_>w* A*^*44^* A*^ OP O^^Xj b^^^*Aj C (_^^fa*>Al _J3"^"* l l 

( j^a*j jJ>Jj . JiA# cAbw?' dOP ^JLj J*bu p.A-jlJ 1 ^L*ot-*)U 0j ftljiil jl )a3*5l JjS/l Ij j; -^j 

<.i*Jlj &JJ+0 ((I - 10” 19) J^s-XJl) ^jUImJI J~*l£jf ^Zj . I AJW? 30 J| Jm 2J J*bu Ajb*-*>0l AjbJw. Lj 

^ ^ 0 0 b ^ 

J*£p cA jXj .Ljajl bow? jL*Jl J| ^jyjl 0/* jj-vaJl OJNjj LjlJ C b Jp 1 j — lax* ^ c^l 

Jl J Jail Jp JlaJju j cpJL*J| Aj jlJ jliai^l u C-ipUaJ Jl ol Jl 3JLP AjI Jp 5d// 

.AaJLaxJ! A^-UjJIj A y <**w jb -t A*xJLmJ| ^u Aib-«Al ^Jp 0 AJx5" JL*Jju j C Ajj^^aJ-I A^Ujtli 



JJLp O J-15" Oj>l .A~>Jl Aj jj j 



Ojju^ P^£?rt5" ^ Jl aJJUJI o J-lSAl J yJ 



^ a ~Jl> yH\ jJai > .(in 1 Jl ^) Jaii cm 3 jf 2 oLxp — Ip aJ — 

.Ijjix- Ij^Ssj j5" Jl Swb^i* aaJj k* v---jU 1 o>b JwIAl pJla Jajij c 5 Jl JAbA olj JJJLJl 

J^-iJijl <w->^jjS/l XjP J>«1 p j* J^ ljJl 

(^JJl ^J^Jl j^*^iil (jU^l L« ~x>- Jl a>w^ 1 ^ pj^vaJl •( 0 ^^* 1 1 •>;- jl>- 

.jybLilb l)U^-S/ 1 J Olj^S/1 oX-A ^PJj .aJp <w^> JUJU ^ y? 

^jLSl) j*jilill 

jic" Jp oj ®j^l c5*xi' jj4^ O^* ^3 d J34^ x 5*^'3 ^ JJ jLfc^- ^1 — t 

* 

Aj/»-**Oi- A^x Jp j^l^Jl JJ j . JLJlp cp ./ aj Jj JuCj ;0 Ajiiidl AjUj. 4« 

J^LiJl £^-lj) c/yLSOf y~*l53l 0 lJ . jwii ^ J Jaj Jv>l A-jlP A^- JPj Jj J J JjJaj 

Jp ^/1 ojj-s-aJl i^LiLiJl ^^^-w-AAl ^jp J^-jo ((cp — 10 — 19) 

A-J**il A-^Uj»Jl^ A^o^.» J -l A*^JLhJ1 A^LwAI (j^^> ol *■ -O A>«_v?l^ P j^-vaJl O .A 

A^X-»1J ^f^^l Jail A-^ — j J>lp • cTi ^ 1 *X*U A^J^A 1 (_Jl Ja^/1 ^^*^7 J1 L»Lc Aj jl 

.A*^-»aJ -1 A-*>*<-X*U jA 1 (_J JaJl Jl a^--j»J! 












4jijt ^ i .1 *<f- 




A l .■ \rL 





.bJXiA 4-lilC. kjJi^C- J Aj.ilTfc A 4.1 AxtA Ajjj^C- . ^ ^UJ) ^oil£i) :(10-19) Jiia 

. 4 lilfc <a 4ajuO 4 joi^C- j AjA^a 4 JxftxiA Ajui^C- 4 J |lj| (^jiAil jJSl\ 



JL ^LJU]l ^yJl J* y; ^L&l v j£Jb!l 

>\j (3 jJ&UiH 4 j J jil J .^1*5"* 



ob 



Ji-4j . <4 y* ^ ^ jA U*)^ 

JaL jjT LlS" J jwii LljJI a^Jl*JJ J* j^\ J jjai! jlS" LIS" .5 jv*ai j aL aJj ^ Jl j kl 

X 

• LL) j^\ yJ^jaJl s,Laj jps\ ^gip 4 i 

A^^wi-l A**-IaJ1 jJslS ^aLj • t ^j t * J J^' < —" “*1J i5 (3 ^ Dl (3 j>S"l -L?r l^o 

.1 Lii 51 ^il Oi-S^JUJl J a. jJl^JI jJ\ j£JI .(m 1 j* JLi j>S" t) in 40 



J-Uli jSJ) AjJ ljJ^4 

JS"Liil aLfc c3 3 . 4»w*-w«3rl JL*Jl ^Jl C^b ^^wLLlil <J$ aL^L* 4JUa* ^|5" La* «X?r ^7 

. i^UjJ! J*yj jjUfgjStj cfjs&ljyjfb 

4*J ^*aJl AuL^/l v 4^T Aj J ^! xJl 4jJL>xil oL-JbJl ol AjLJL* - AJj— — Si A 

<jiii£ J^Lu A^ib- J jlil ^LlJI hj^3\ L-JUji jS ^l^Jl . J, 

-L>- aLiaJ (^*3 Au«-w**irl a^-juU ^jJjuiJl Jj _^^1 ol .jS" jll jlil ^L-iiJ ®j-S ^ & ^>LJL® 

jUasl li ^Jl ^Lv^»r^/1 J y£> t j^ i? jjLi lJu®> ,AwKwV.*Jl J> ^Lc- ^-5 j l-L?r - ^ * 





— — oly*aJl : JLp 

<> 

l^>«Ja *m C)^£j t u .*<£■ AixJbtJl yp AL^-JlAl tc-w>x-*/2j ^j^JT »4^CtJL^*Jl ^ yJiJl^ tjbl y*rlS"" c L^ ■«■**■> 

if'*' » ^ 

.IjJ" Ipja^ Ojo 0! ja ^Ja Paraboloidal 

y* ^LU ^i5"1 Oju^aiJl f. yiaJl ^1 y*l Jl J?l 4 ~-JIaJI (J ^-b*- J 0^ <3 J^ £ij ^ ObJ ^ 

AjlL* f. jQaiJ A**jJl yyail aJj>x> AxJiP yS/ ^Jl J Jill Oj^j . aIj J ail Apr Jl <Jl J?*)U o y~5”” 

01 J t oVU dili yp ^ .yi^l 2UjU- yw*SlS y*aif j t J-Jyi AjU* <JjjSU y*ail j .JjjVl C^-JU 

Ajlj jUaiS/l olij oJb^ oiJlsM s — j>- Jy» j ^y*uJl jyb J y>- £-J yj 

I + {p J 

jl ypjaA4 oL^Jbdl oJtA 0^ . aJJ/ L^UJjJl J 4 ^ yj J 1 (j; j — ^ 

0*lfc ^PUj ■ (jl y9"l^/l Aju j*j» Ailfi-J^ OiU I ^ *b ft.) ^ftJgLflll y -^al» L?r Jl y4 Aflll^- yl y4 {jS* y**&A j ifT"l 

. f l^l oJlfc 0 Cbl j^-wJLJl 3 A*xl~0 oil* Ay jJ^Uf lZ^Ll^>JlaJIj A^»«i«3rl 0»*l^ -LftJl 

1 A yS"" I Aj-a-v^Jrl Am JLftJl JaJ O^j^J l*JLp .Oyu^Jl 0 j+j4 IxJl Cily^-*~ilil Jj A-j-JjOl y <Lj*X£: 

# * 0 
C 1*5^ tJ*lS^ J^Jiu UU<9 £>brjl .l^iSLi l£jj Oyio <0^- lA>- aJLaj l£U cLj JsH m 

Oklft ^jA ^yal^dJ aSj ji? y V . ^y J 0 oOjlj ^J Lp *■* ^y\ ^ajI <Z- j\j lii 

. jS/^ Ayil^rl ‘^r’ ^^-<-‘*1*^ l AiSs-JlAi 



4*ui&UJt CjUjLyill]) 

tA*>-JbJl J-& y 2d £jlj> to ^-lS3l ol) j CUJlp ^Jl JS^Liil ^^ip t^Jilli 

s* 

^-* t oJj^JU (Jj^l gcJa^+Jf £-*3 j .A-yk-MM^rl oL^JUJlS^ ^*1 J«-l ^ VJb V >1 — -b 

^JJi tjy^l Jl f-yJaJl y 4 I«AjI f-yOaJl y V y^ jUM 

y* L-ilw?l IJju jS\ jlUiL ^Lv3J Cl-aIU y* II jil yPi .4j>r jil J j b j__Jo j Jcj ^ 

. Jfc yll aJK-^ Apr I y. Oji oL-JbJl 

o-Sbd) 



* * * * 

£jA l* lAbt-t a w. 4 Jly V y* Ul* 1 L+S~U- bj£L*Js yyJ 



y>w-l y ^ V 3 



cy yJl oll^ y -^>*1 (j AlJ> 0 yuU Ayk-»^>r oTy y yyO/ ( j+S'bdf <^jd?y . ^ jjl A^5" l*Jl oL Irii 
A jljJ A>rl? . vw4 Ojoub dT y O-i" . ijljJl f-yOaJl A>-yA4 cy yj*^ L? Ajlpjl 0 ^SvJ . J> j U 

C-JUr J J-i y. ty^Jl y*J AJLjJl A^JbJl ^y4 ^JJ| jSill aL^JI y_4 y J iil 45° 

.(1-11-19) JSliJl) AiyJ' <-^1 <3y^ <3^1 

oT yOJ JltiM ^Ja-wJl Ail%w» t^Aylis J^*io yajjj>*l] ijl jJl ^.y^aJl ya*J A>*Jfl->*» ^1 oIj__JlI t_^ •*,.£■ 

^Ja-^Jl a-Lw* Olj .cm 20 y A^w«Jrl oT Jl Jaj 01 y? yil yC Jlt<y , A *** Jl 

A*Lb <J J 3 ^ y 4 yP SjLp AljJl oT Jl cJlT lil .(cm 2 ) ^ y* juz^ 314 IjJj“ yjL-J oT ydJ J^JI 
,a^*3tI oT yOJ J^ll Jl a>“1-w* y* 4jlLl 3 y J~J ^Jlj tcm 2 9 aJ^JI Lp>-1— • OU t^ y* y*z^ -3 









4 \\ k* 4 m V*- 



•• S > ^ t 

<J^a-4 6 I JA 




\ 






Ajj jjJa 4juil 



H 



‘(v) ^ .t_JjjjVi A^uajlII el^oll £jJa j3 (1) ^ JP Jjjll ^ M ^la r Jl :(11""19) 

• AjxujoJI Sl^all jfikjA ^ 4_xu*Jl Ajuj^xli £jJbj J 

"^U- jJaJl" jjP AJl ^Ul ^yaxj .^J^>- aJ jj^JI u *£'\j*\) J&j j 

*JL) AjjjJ ^l-A^JLfcwl LftJjdP a la >1 IliJ jl_T 

«T J>\ J,l t J^xll <U*- yj (_£ 5jjj ^1-bN^tj obt-lpj^ d ^ Jb C&- .aAp oLpUJjI l5 Lp 

,4*1ji3I 



aJ^II (jjiSlP 

(3 jA l^S"* 4j~L>*-Ll 5T>I opf . tX >-iO/ (v-11-19) JS^Ji £■ — ^ajJ 

4jJ->ti.l dl jii ?, j-yaJl jCj .A-o-j^^rl dT <Jl*uiJl J jjaJl aT ^il iJLfe Jujj 

.AwLjtJl 4 ^-LkJ| (_£ j^- ^Jl Aw-wbJl jS^ jA 3 jxi-p? (wo 5j 3 

v« 

j\m*/3 ft I ^ l -X^l— >■■. ■* lj l-P* 

^ ».« J 1 ' (J «J_jSrjil oT^I -.j 4J J * J! Si 






S oli 



Sly fl 








t UL , jJ o jki~~* j 4_J-<k-p (j~^" ^ ^ . a>L>w^ Li jj ^jSl ^ j* %«lSl]l w» — Lj 

,^La«M>Ji f-^^r Ajl*a\ j ^3-^ *3 ^<yfl>*JJ ysJi>x^A j\Jsj J^UjT. L^-» I I 

ujLuiH^ (JjlLua!j<a 

^ ~~3 » > oJLfc A . 4.g,l~>«-i.i . " it a „Ut'I ^j ^ ^>^Jujl <L*Jl*i Jbw^ JUP ULft ^ r 'a » > jOj 

.V*i jiS'SlI 

j i aSjlB 

V5# 

^ * ; * t 

Juy .c-a jJLJ C.-« ^ r J!r^J tX ^ 6 ^ ^Ch 1 

^L5 j* N ^ j L\-Qi*i\jA aS j£ oJ-aJ| ji — **>• — Ul 

lil 0.5° 4~*ji\Jai Jali grJJl x20 v j£~L‘ >£ •(*— ^ </ i=5 >iJI ibajl J-Ui 

4^*> ai l <J “ jjiJl xl80 L 3 *^ * 10 ° j\? a i jflla,* ®Ll»aIj 

.3° <U- _ji _^±i jflaJ t(5*-j-^l V 60 ) 1 

iT^JJ JUiJl iyM J _>U5'X ^ !i i -V^' J V-Jr' oL.a*U v yM Jl >Sfl ity-b jjioll 

•S*^./aU i ffl jJ&a ^*** c(\ g .» ai ^ CalJl^-^0 4-IjJI a^ j^-U ^ j^ J J'q^ cA**-^Jrl 

« =/o //e 

. fll JIaaJI ^^3 I 3 \ i 1, «/3^1 1 ^^C.<.vwL< J 1 i A*»m 4. .£- ol ^1 :il> 

,<^> j>»Svj ( j^ailj c4.^.«.ll oT ^<JJ JljujJl yL| J ^Jajl aiLjj oT ^1 4^*olb 



Aiill 

jjp ^j.|^ flli ^i-£- t b/2 J I ^ P*Aj t 4 

^J^i? O^IP (j^LflJ J tbijjJlS^ 4jjJl ^U; ^jA A^iJj (3 ^ 4 LC >r jA 

,J^3\ 4ijJ' C-J15" UT yt-^l iJbJl jlS" UT .(Or ji V36OO j) 

|JJ> L^l ^ obLjl JaJl j>- 2>Jj>u l g .jan; ^y* O ^3 ^gL?T ^ 

j\<Xaa ^jA ^A^vjJU jaaJI ^ |U »-w 1 i 4-Ly2jl^ ^Jaj j>- jAJjJl ^ ^jaJl t. 3d jLI 

.a jL^-L?j £2 

Oj J^ili 4JjJl \jLlj JL>- ^J,l ^ ^L j^jb 4 3 Jill J j 

w t «» _ t * 

c^l J)a^\ A-JlC tjytA ^<kjipl ii y iv? c4^»^*3r»! oT ^il ^Ja3 ji 4^-Jbtil j} a3 ^a \ij* Uojjj ; 

jl ^4 X«jc* 0 C-JLS^ ^ *il ^ii j~A± oJL?- C5^ JLkJoiJ tcfJ-5*^ 4iLj3^flj U^^LiJl 

.(4-^i J j! aJjLC i C-^JL>«^-I bl) ^ja^Jl jf ly\ y y ^iJl oLjJ-l 4 j ^-1>- 




tfrUaillj tOU j^Sh <_j »U l 




* >iali feuVi jtkui 

. oU^L J Ls ^ JJ j. y* /2 ll ^ip Ajj-AjSJ ^ ^<LaJL» 4^J f. J^ajl <j| 

jl A^-Jjcli (JIxaJ! (j\ t (m 2 ) a*j jll jl (cm 2 ) axj jll ol jXojll^JL Lajuji^- 

C^L^^-jJL ^yJ*) (3 ^AP j^-xlli ^ip yiu^A ^ A^a> UL* A^**. ,,^-i aT^ ^ 1 1 

.(in 2 ) jil 

« ** c—- 1 tA* Ay«MM^ri A^vJxJl i 0 ‘f * 1 lUapt 131 ^ “ i^* 

^ljl>fcl^lj v4 £ 

v4 =71^ 

ol^ ■wamJIj ^4 OjS^" 131 .3.14159 Lj 7i c^j^- 



j <w 



.ax> jil jli^L ^4 0 j^i->* J,hJlj tjli^^lj r jl5" 13) j ‘axj >1 

^T « *> ^SsjT c f* 0 I ^J.1 ^ ^ ^ 1 fl 1 l,«.«^2pl 1^1 ( IaJ i b-» «.*■_, , l^li l Amw._ . llj 

! AXy^Jl ^1Jj>«X*»Ij y4 f j^ail 

A = nf-B 



j^\ (J J>r lil . Aj ^ jlill oT jil y Aj^-xi Ay**J>- (_£ j>r (^3Jlj f. y^\ r ^ja.* i? < Ji£ lL-. >- 

r j* juxJl <S y* ^1 j ^ axj jil ol A jj£j &axj jil ol 5j o 1 ^ujllwJL r jp 

.4 xj jil Oj^J CAxj jil j\jL*S/^J 2?J 



JlkAfl ^jjll JLk 

*# 

c Llo (.iJL^jr aj ajOj ^ Ji j^^JLdLi Ay«-w«Jrl A**jjtjl { ^* -^p 

*» * * 

^ . wJJl l< 1p 1x 5 l j ^i** - j 3 y^~ ^yi»tti.. ii ^ * ** ^_C ^ J * 

q 0^* ^ <jAULf <ijj — // J—te- 0} .((12—19) J^-i* — ^) 

OjJji ^ 'i/.b jja*)l 1-i.aj -b^- 0L»-S/' (,/**! t) >f= j'/_j ijJliAllj jt/j oU- jjJlj 

# fi f 

Aj^jJl b. ^ Ulj . L*La ^L«lp jOu .^1^1 ^P oAp ^jlp Aj jJU Ll ^A^-l JLoJxj 

^3„ , d , S tJj ^JlpL^u 131 . AXjLi (^* ji^^l £-* 4-^P (J— Uall 

.c-ilx-s^l AxjjI jIJlSjT. ^J^i-1 tAjLLJl A^jJl ^1 jj^x] 1 ^jiajli^l 131 

Ix-xlj jJ-A^-1 Oj^j A^w^-^rl A^-JLxll C^^lJl — {£ ^Uill AjJ^3 1 (^1 — Aj J^ 3l 

caI~> Aj yhUi» \ (5 ^>-1 oL-JlP etAlir j .90° ~s>- jl 60° J^* cA-^*Jrl oL-JxJl ^1 ^ tu j 

.30° J-* Jil jL^^/1 Jj 




(jjj jij ^ q Jlk*ll (j^lij :(12-19) 

jVj ‘cjj^W 4 jVj 

aJLUI (j .^5 li> ji? (J,! i-wJbJl Jte* <L~J jAj jijall AjJ^JI < J-fc>- ^1 P jJ^T J- 4 IP yjj 

J-* J j^Lc. pjapty jljaU 4 jJ^]I jlS" UIT 4 ^5^1 dJLA cJlS" LiS^ ;oUJl 

J jJL>- U«l ^aJL^UJIj ^ oIj ^SwJL^I 6jyu^5 ^JaaJl Adljali Aj J J jJL>« O . j\5^ I 

. lj^ J yo- A^oj y»Jlj Ojj-^aJI ot> (j A^ljall 

(5-19) *JLu 

5jjLa> \ ^ * **- CHI 15.0 4 »«..*., 4i**.tP ^ * j ' lT ... L *-l^r ..^ ^J| c j h a^S' —A L* 

.Sj ji. v-j jSLi JU- <_ji_yJrl ^p ^ ?cm 6.00 4JT y» ^Jai ( ^jT Ip c-j ^LJj 

(5-19) J* 

4-— J c. — m-LiJ i^JiJ jJ oT ^il jf 4-^- JL*Ji jiai -_ fl -,-ai ^-j £ 4 {. j^iaJl ^^7 1 - -v U~j 

^m) jA . J^^S^ 4 <wL« i J I f ^ i 1 4 jL *^4 ^ 1,1 f. ^ ^ a ^ ^ 

aJU-I dJLft j JULj .k 4~~Jl Up 3 .4-j^Jri olw-Jbtli jUait 

£ = 15.0/6.00 = 2.50 



A 2 = 2.50 2 = 6.25 










cOUs*Jt-1j s^M' 



(6-19) iiuu 

.mm 20.0 a-— J rl 4~-o*ii ^yM J jkJl £L j 6x100 l£ jL-j JaU jf y yil 

?A^yJl A^JjdJ ^ yM J jjaji yt> U 

(6-19) J* 

f Q — 20.0 aJ^-I ojj^ & f Q 01 • ^ (3 ^ 

JUUj .m = lOOj tmm 

« = /c//e 
100 “Zo/20.0 

/ 0 = 100 x 20.0 = 2,000 mm 

.f 0 = 2.00 m 0i J jmu* JyL of l£Lc .oU ^lijf <^>\ yLi y j>yJl UiJ Loju 

(7-19) Uuu 

.JiJi 20 *ijb jA (6~19) 5jt Ll £ <_5 JJt jilail Ji»- 01 ^j> _p I 

^Ji b)J\ ajjIj y y <jl^a mm- 10 a*up a— mm-20 cJ^l: — ll 131 

jSlJLdl l JL*. o yjj aj jllail Ji>JJ <±;x£ I3U cmm - 20 a^*- uJl 1* yy 



(7-19) J* 

jjSl coJUJJ .mm-20 v-jJl a**^I o3jy ti^Jl js-Sl)i mm ~ 10 a-~*^ a— -^J l 3*>y 

jf ^LmJV' LJwaJ IjjL-o* mm- 10 aj^p a^-jlp ^JJI v* jllall A> j^Jl J — a>- 

<L yli3 10 A £-L> (^JJl 

£ 

* 

. 03 ^^1 yytilj 1*^-^ OjJt-^fiJl ^ U^Sfl ^ ajj^J ! ; jf 

Aa^O^ 4 <w«* ^ </3 > ^j/3 W.) ^3 ^^3»rl ^ */3 1 AmmJ 1 L -J ytil (— i A j ^JlA j . .. 

^JaI yj 3 jjj ^ ,o3 yL* AjJb*w* oL^-Lp y* Aja...~ Jl y^Url .(3 y 1 ! (3 4 '^ aI *4 

X? & f. 

.Ijjv ^ c3 .x20 jl xlO J,l 



# # J is ^ 

<3^^ L^-l y3A| (3 3 cIja ^<a3 A^oo^w^rl A^JLxJU j^l J . ^nJL^wLP jll ^^^-1 

a 3L^C. As^Jrl A^-JUJl (j y ^_aj 0 j y 0JJ3 jp ryj .L$lil Jk Ajyjl y y)U yj t Jjt jl mm 1 

Ojy^aJl Oij-A^J Ajw»-^3rl A^»»^X*Jl (3iJ (S AiLw*Al j .<3 y^l A*jy/aJl AxJ-Vl y 1 " - -•*» 4A*jit» 

f» 

,A^<»^«3rl A^AiJl OwLi ^9 (J 3)^^ ^y* t-»jl3 jjS^I 





Jl ijJLP j-aIsII 



j£j y , Ay>>^. j rl ^ j^\ <_) ^jaJl £jA 4*U*il 4«^«X*U ^5 yM (JylflJi Q y_..fCj 

£y*aJl ^L*-J»| jS' 6jU^I y (£ J L lalil (3 • 4.» o .*.»«. , j rl ^ . ll 4 £* aA-i a i j 

jA j^r Uajaii- (13 — 19) . 4iljLi t^Aya.) <ul*Jl clJl5^ lil 4iy*Ji jS* ^ip^AJ 

.fcljl SjUJ a ^ J Uj^i\ j-S'y ^jLT 

M a J 

JaJ y ^Jl aJUoJI yjwLj U jLl^-1 c j£\ y\ ju^wr- yu~-JuP 4-S" ^il 4jjoJ.i y^li' ciJUb — C 

tlmAj L*«iL*P c^*y>P ,4 mA^ 4m*P ^«^iAaJ A^mJIj 6*XP jj . A y»»lxJlj 

« ^ # 

jyyail jit^- 1 ■umJ ^I^Jj 4 »»»A*U ^ i yM J j. JoJl 

s 

1,000 J,! J-*aj y>. ^jy* 9 y*y j* ^ y* • ® y* 2,500 ^ 






lJI 












j*A 



* J 



^jA ai^oIa tlg-L*l£o Xc-y>£\ ciL ^ ^ ujf jil ^3rl <J t ^JaJl j-S" y — g 

r*& Jy J >)l) J*J-tj~e 0^1 U« <JT j*j iUi *1 ,j*l ^ .juSfl _, J^Vl Ji U-Jrl j y-;.«)l 

J 

* ^ ' 1 . W * J J V-I.-3 I ^ ■ .« ^ 7~ I 1 ^ 0 t ^i' ^ J . ■ 1. 4 ^1 A— -Ajijl 4iLbH> . *1 ■ ■ * 

U~ Jrl oL^Jl J JU-t 0_^J UJj OlT US'j ^>1 J>J! OIS' US' UUll iJU-l J 

■ j$ Cs*- j* (nm (2 x 10^m2 Vj 

a— Ja)I t-lij £_* <_u yj\ *S'y*£ : jj .^IpS^ J} AUwaJI Aw-Ja)I LS" ^>- lil 

ay aua* aaL-w* J>-l ^ SjL? o ^>r oli Sj j-voj 3^1p y&U^l ^waJ .oIj a. — -Lt 

S* 

.(in 6.3 Li jiJ) cm 16 Ji> . Vt*^ L-jbJi j 2L^J-i a^j*J| 

AiLj ^g„yiaj y\ aiLLi AIaII CulS** lil 4+pl>-j cAj ^ srdjf JLi AL*j| djLi^! L&IS"* ag-L?^ ^L^* ^J>«2U-! lil 
cj i-iLi Jp- aJ^a* djj-/ 5 ^ a~*J*^ — 5 tcjLL ^u* Lij 

L ^J-*ja3l AU-ftlil oJ-A ^gjtf ,jlj^-l 4XJ> aJ-L- djj^aJl a j-A ^»«^p Aj j)a# di ^JaLwu . Ai 



uu. 



.4jajb^u« J>I^P j j£j a^wJIj j aJL jiaJl aJ y^l Ji oli oLi*)l j j&i 

Jfa-Ji jjjSj 

Jj^l/ eJ (jUVb) Wrl '1-JuU ^>1 J>il _^/ 0 jt ^>1 .(14-19) J^UI J! o_p 

(_5^ A-^»JjJl^ A-w*-**<^ri A»*wij*Jl ^ ^ Ail ^Jp jjh .(jL*S/L>) 2uu»jl a — ^ t j^\ 

jju AiLLkl s .A>w^slj dj j-saJ^ J^iaj O-*^ L- 0 jjS^ ^ju AiLLl Jjuo (_£ J^r- 4 ilj i] jl*t> * 

a+aS ' ^ ^iaxj ,jLi>- % yi ^Jl (jL*^[lj^ a. a^a ^ -1 dj^vaJl^ a-^JL*J 1 

aa^./alli (( 3 LL^ ! Lfc (3 w L jLio L jl>u ^ 

W = [(s -/o)/f 0 ] [(4 + 0.25)/ /J 

A^Luu 4jLm** i-Pyf! Aj j ^. t Ll (^jydJ A>*^/?l^jl Aj^^U AjJ^-I AiLL^I **• tj+A 0.25 ji-Lii.1 ^Jji IT 

.III 0.25 L j& (_5jLJj Aj J j LJUP ^jyJl 

. AUmaJ! A^UaII 4^>wwU^rl A-wx U aJI j*2kj j .,^3 1 jy£j ul L Aaj L uJl A-flJ^]aJ! i 

L-JLaJ| Ju _k^ J> c.1 jil ^Lp XUjJ j AUaJI j A^vsJrl oLjjJl ^ ^IJLP^I dJlA Jj jJj (^ j ^ 

m e oJl5" iil . AUu»Jl A^- Jxil j Av^Jrl A-^JaJI Ju A-^LiJl AiLLl Jjljjr j (AUaJI A^Ja]| j AwwJr^ 

w aXJI d jjil 0 J.LL j c^L^Jrl Aw- J a]I d ji m 0 j LlaJI a— JjJI S y 



m = m e w 0 



jl J-A* AijJl Jj j^“ (J 5 A*Lft AjW?I yA ( y y ^ (J 5 Aa^wU^I A-W- JaU A jjJjtJl 4>r.Z , tf // ^jS__AJ 

.tiJJi JjJ^- LLS" (15-19) .d ^Jax^j (jjji 




A 1 



i I 1 £^U)t l 



t-fl 







.(J^udliall jj-eail 1 j . *11 ^jjSoII (J^lc- t. ^ l\ »n^ I (14” 19) (jLJiJI 




• (Jjuualiall > a\\ A^AxMSk Jl A^J«i3 Vu*M Aa^ill jp*3 :(15-19) J&JJI 




vt-UusJl j lOU-Jrl j ja^ tPJfcdt 




K o^J .Uj 4 ~*)l S—u!l /> t) jlilj/; y^J.1 fc!jl j /> Sjaijl y jlil L 3SL-J 

bfi 01 ( y» . ‘L**— Jrl 3-^-bJl OoiJ jUOl L — ? yj-l xjalii /* 3 j'' ll ^ y~ ■■■ ^ 

< Lw«-«-**o^r i <U>/ Jl*J| Oy jll A/ .Aj Z ijjljjl yL* q .(Lyb 

<> * 

.M Ja-*- jJl ioy r m . LOb yJ j cg-1 ^Jsl 4ilp la ^Jl lj»A O^^o . <L^~ 4-Lj*J1j 

y^ 0 AO-L*Jl A>*JLaJl ^gjaju 3>L^L_J 

^ sin 9 

v4 0 jJ l 3 0*o^L> -bs- y AiJiii cJl5" LJ5" t ^>5^ 1 v4 0 Aoy cOlS" L05" 4<L*t*Jl aJ13~I 3 

. w a j£- ^ila 1 A***Jlj A^»_._»* jL - I Am**JLxJL) 

. <L*JbiJl ^]ai aiLj A-jli>w*l • 

,r m ^3 oLj aJISL *1 # 

.djU^n ty*^ A^ryA (Jjla Ajl^-ij ® 

Lj^S' c0AJ5j^ c Ijy w? jJajjJl O-’b A^*»**3rJ l 2 o L-* JL*JJ ^3 y-1 (J^jJaJl 0 y 

O y**h^»~J A^ll y* (Jl-P jAjSj p-*-**^ jbl^L g-ULJl L* Jl 1 P C A^<-> “ 1, 1 1j .f-llJl <L(W? 

y^i«. tiiiJ-iJ AiL/^^L jl OJ-b y* . b-~*o A?r ^ll (J (3jj j 1 £y/3 It .dwxl 

ciib .(JUdJl C~ijJl5" iaJLp jL-s^Jl O y _la^ J J,l 4jyjl J A-JLjJI ^ J M ia u- jJl 

Ai*>ljJl jS" JLJ ^ .M .la** ^jl (3 AP l^ 2 -^. A^fc^jri A— JL*J\j p-i 2 ^ jJ ^ ?r J* <J ^ 

jJ&zS I ybj LiJui^lll yj lj J&ryJ CA^r^ll J & j^^)\ Jfo »,&*)! 1 

4o>tOIl ^Ja3 < q - i^ 3 1 d-~j^ A-w«»dw*or A*vAp 3 ^ A y »-»**^rl A^-XaU JLjlaJI 

* " 

. Aji**Jl A— JLuJlj A-wxUjlI! fy\j AiL-«-Ll diUjj j\ tljyw? Lg_>tja_**> 

yjd -c5 y 1 ! aJj e li ysujSn pj-^aJl O^iil ^Oij 

015" . ^0j5wJ0l 3 jl^*l pjOaJl L4 j*yi ^ 2 3 jl — ^1 

jl 0 ^ill Aj^L^-I g-j-^aJl y» AP ylA ol ^ll JL>tLi^l 01 cO-i^OJ AiL^a^lj cA?r ^il <J jia -L. — >-j zj‘/2 ll 

J^2 of ^5o; V gjl AU^ jf <2 ol jil -X5"ji ((ijjf jf >2^1 jf jkJ\ jf JU; 

(8-19) 4JLu 

Li . X 5 A^JLoOi 4^>*wL*Jl d y LaJLj c X 10 c— 5" jll y-ac-*JJ A^k-^Orl Aax#JLx]1 o ji y>r 



?m sJ'^l »A* Ji^j y» 

(8-19) Ja 

^LjJl 4_^iwLnJ' y*- ^ > l l jyi£. J * j J*^\ 

m = (5 x 10) X = 50x 







a1l*\ 4jli y CUj^rf bl dJLpr J JULP J^ajiJl iJlfc j yi^\ J,l a p 

s« 

.c^b^Jl AjU J y>? y Aj jl LJLp t^E-p-B^/3 

AlP . Lg-J jlll £ j) A^r- (J jjl^ ^ip bUlpI ^4 Li y& j-JCJ aJsi^^o Aj A>o* OJp . 1 

(ii > bill lA& C t_»J jSL~wLU A 4*^A*S”" dA^S"* 4-**»AP ^lA?**JL*wl 

•CA" (a) 

<*o (b) 

• lJ^ £- j (c) 

A^wjJlj A^-jjj ^ J^\ AjA>JJ <L>*A*JJ j] .AiipljP A.fl|j;ll <L«Aa 1! !ff.^ A \ (d) 

. <4 djlll f. j) ./all ^1^*1 

If 

.mm 25.0 a^ 4^apj tmm 1 .00 ^yM v^or 4 ^ap ^ ^4 I ji y y*\ .2 

? y U 

x25 (a) 

*625 (b) 

.yp\ jAJ A^Jl J*£ Ail .jS SJ V jL^Jrl I Aft .xO.0400 (c) 

.j^-Svli! ol* jJUil y Jbjl (d) 

. 1 .33 d ajj y *1* <j 1.52 jL~5sjl o y t jji jSOl ^L>r j /y r~ jJ f ^ ^ -3 

aj ji jj! a^J L* .£■ jUl y yrj V~^L> 45° *j j\ y ^br jJL *111 J iJ <yj-b 

?*lil J yO 3 jIjuj ^ jlil yliu L*AiP J jAaJl ^IjlAJI jv-^bJJ A--«uJlj 

38° (a) 

54° (b) 
N45° (c) 

AjV .^brjJl y IJbl {. yd\ y? ^jJ .AJJLpIjP A.fl)a;U A^Aiill !(3*>U£?VI ^ lp 5 jjlj A>r j j \ (d) 

.^br^3l £t)au-u L*AlP j«Xa«^ 

JlJL»I~«l AjIj .0.85 f.1 ji>! (3 j^A«-«JLJ 4^-JbtU A j^Jjtil <!-»•: c\\ jl y 3 J .4 

^*Jri 4^- JUJJ Aj^AjJI A>oi)l . 1 .33 djUibi O y ft U. A^JI J 4^JjJl ixw-^! 

V (a) 

.1.13 Ji y (b) 










.0.639 JJ Jaj^uj (c) 
,oL» j\A\ la ^ t4k~>- M (d) 

u^U) Uij .5 

4jli 4 juLJ jA 4jj y Jau-j (J,j 4.Iai>cJ> djL-s^jl 4-j Jau^j U* J*~ (a) 

.jJ-l 

4jU 4-^jbxJ^ OjL^Oi 4Jj y Jsu- j Jl 4-JU 0 jL^Jl O y Ja-^ j JA Jisj jJl y^>\ ^U-iJl (b) 

.jj-l ^^lp 

s< s» 

. d^JjJ L*lf { j^\jla «L4\j £tk-x baJfta ^ y ^U-iJi y£*Cj (C) 

0^3tf ^p jw< br ^f (d) 

A A^ J tmm 300 jj J ai ^ V ^^Jrl Sl^ — il ^ — ki ^JL — j .6 

c^jUo ji-Sk!l .mm 30 v**Jl a^jl«JL) 

.xlOO (a) 

.xlO (b) 

.x9,000 (c) 

.Ob jJkll ddA ja ji-Skil uU> (d) 

oJLvJj 4^» JjJl .7 

. 4jjl jJL* 4j jLili^ f. ^Qall 4juil *"* ,mJ (3) 

.4*/^ &* j JUity J-Ty (b) 

. 4jJL>«J»i 4~*JbJ\j Ljajl l 3 yu (c) 
^SLJL^I j 4-^~or 4 ^-JjiS" ^|JL>«JL^^0 SjU> (d) 

jLSs I 0^5 ^ U .km/s 270,000 Oy^ uibLi Ja*-j J ^il * y^\ 4P^ of — lil .8 

? $• j o* d Lj jx> s^iii dJu& 

0.900 (a) 

1.11 (b) 
0.810 (c) 
oO-A y t4L^>- ^ (d) 

i d shy .9 

.(£$ J& 5jj-^aJt 4>^ ^JoJls^j (a) 

• jA ^ ^va) (b) 




I o 



: jJiS' 



.<£3 J? ^^Lij *. j^aJl j4a^- jb j* (C) 

cM j3>\ ?2.4 IAjL— &j\ 4JJ ji 6jAj?r A^J ^vaM 4^^-! Ajjljjl 1 a ,10 

.e-ljili 



25 ° (a) 
65° (b) 
67° (c) 
90° (d) 





A 







Aj . Z*bJf Aj J A^ULj Aj ' jjadf OjJS/ 4j ^,1?;11 jl j-gla 4 -b»r j J 

* 

bU cJuiu^O Lp^ c4 :r ^Jl jL*p j J& j-U JJ .A-bbs- j IpjL*J olxJl aj ^J aJl ^k~Jj cA-Jffjll 
.p— Or <^1 lf*L> l)I ** -T* LS^ toljj c4-flill4 g. J.^l! 4P^ jl 




L-iLisiS^V <gor jll LL* ^Xi 1^4 jJlj tf.lbajaJlj tp ^jaJb b» *$ * . ;■ 

Ailpl ^ll £^ja)l J^lj-415" j^A\ ^Ij^l ^ (J^* j**i '^ Al J (Jr[ (jr^ 

.>l^Jl P^sLl J JUdVI J* EM ^1 jj»\ ZjJJij IJL^T Ja~- j 3 J^r j ^Jbo 










(3 1 A-*J b AjL^j tA-orj.* g. j) jail jl j-i*P ^-''•'bJl A jAjJI <3 A jA\j j — ^wi ■■■‘*--* 11 . im~ 

V <j pj-a!I jl U^- .Oj-a!I ^ Pj-iJ' : *£jfc^^ 

4 0 & g gj® «■ «S - ' ' g| g p 

|J^t« ^ .jS~zd jJUil ji *lil jl (.1 ^AIS”" lot* a^) j.*^2 ,! I ^l^Sfl £-b^ .^Jlii C^iSl 

i jl^-* (j Aorl^j jl (^-^I t» ?j-® t* O^J jj /y p jAai I jf S"^ 4*%! pi*JUJl 

.jy y/ a^I~~j jl * jJaJJ ^J+bLf jy^b Je -* UJl ij-A A ji>! jw? j 9 * ^ 

. JLJ-I Jj V 4jl 

cl^UKj ^jSfl ^3 t3 ^ L- •A^r^ Aj I g.1 1 1 . 

j\5" bl 4 jJ y> jLSsjV' jj^Jbs ?jySn ^JclAS* ( ^Ji ^A-S *?6y& « jxo- (j J ^]ar^i 

>i«Jl ^1 ill 01^^^ f.Ljl^ b*5 ^ ^ pbil "v^." ja^l 

f.^ajl aS'j^m jl c--^ c jySn ^i-J C-*Aj»-j b^ . j^Jl bJ ji^ 4 pbjlj cAjLlJl i^ji& ij$; 

cr -i jl y>r ^ AP^ yL-Al Jjcf^ <^iil 4 jL iw4 jSLiu uiJlii Ji*J ^ ,oUl^^p|3^y bMi^ 



tpUaiJlj :£JteJl <y\Jl 




. eJbjM j 4 AoLaJl Qj»^ Si ^1 yS/1 AP j +* j 4 ^ ^J^Oio ^L*Slt j 4 AoUiJt a*j j.^Sl ^1 y*S?i ap j*j» 

<0 

aJjU^ 3 <J> jy ^jtyij 0 j*m&**a OjJl 0L*«-~o (jwbyj Qi+mS jj a>^ 4 oAii cl 887 ^S — *Jl 3 

01 cu3 yu O-Jb L*S^ i^y f*—Oj~d£iy* <j yr O yls>l .b& y& ®b£ij "jAi rV 4P ^ {S^ * cJsLi. 

A>li <JbJb tjjj^ll Jjrj LJ .jjjS|1 aj Jol> 3 uJLiJl jJJi Oy .ol*U^|i 3 S-fr — ^ *. y^ai! ap ^ 

* 0 

d jy^ as^Lv^* Iwb Oyv«i^*^ a, 1? .vSy I^JLp ^ t yJl ^ubwJJ Laij ,>j »' t* ^j—^- 

Jla] .iiJJ i J jJ jjbJ^I ( 4a^w jl ,l$jtA jj^l j 4 ^yj^l 01 £-1 y5b AsswJl Owl* y jJ ilSi jlsM cJJb .U*- 
1 ^ i ** fl * A^fc-»-«-«Jl ^1, _jy* *~~0yw0f^* 4 Aj^yf^O 0 AjL jjL«-«**jI .1 d.ipl , ^^)y*~~Oyc*0^s^/* 4j^£ ^cj L u ^y* J^bt-ww** 1 
.Oj^Jl J 4 Ol^- 4 (^1 3 jl fcbySa* AUA^V ^Jp jl c j>-~\ ^w-5 " (^1 ^Jp ^ J*- 6 ^ LS^ <0i^S 

AJLIj f 3 -uail 

Jliol AP ^ j tp^ji-l 3 I A^$j Jj 1^> V-b ^ y5ij .P ybajj J^U-1 jo^/1 0 j>^ jjbJUljt Jp. — i j 
jP ^laJl yaiu aJ\J-| ^a oJlA j j .aaUx* Aljb y-T yiT .Ja>- ^1 JUil APj — — jl 5. y/2 Si 

p-w* .(^bsrjJlS*" s-!>bbl yP ix^*j 3 ^) (J*i ^ aS^ j — >■ 

« ^ < i ) fl.y * ^jj b* L>i-L^y* ^yjllJlUjl 

r^o ^ . Ji^Jl o'^j' obf* aJ aJb ^Jb»“j oL-0>b J\ vy jjy ^|Jj>Aly.b aL-P ( J$o ^yUAjjl ^1 i 

L-JS JJ ^Jaull J 4 ALjj^ plijl V y^l ^ J g^o ' 1 : Jjij pb yill j Jy ilL* .1 J — > b j — ^ 

.<jj yuiy Jo y^l c3^T Afb Joj C^jI JLaJ . J yi\ Ua jjU-^1 

< 3^ a4 0 4 j y 

jUa^ j/j j (“OP U^- ^ «. ^JaJI I* J*. Jy~ jjUiljt JjVl C?-Xa-i C IIS' 

OLil ^1 J*Ai ^ lil iiJb Xii\ UiU-U- O' c?^ »i~A Oi^' ^r* oUL* ; .^L* 

.{.LbaiJl j 4 UlC bg-^tfj aUaOI 

AJbJl ja tj* 0 jJj JA pyv ^JLJ 0? Lyot j ca, ji oLpL^ Jl^JI a5jJl>- ^ j — £*Jl j L y 

^L*f 0 Ujjp ^JJLJ Oj^j .(10 9 jl 0.00000000 lpyr 0j-b j 4 pyJrl ^jL-o 0u~»-) 

^3*] (1^^ ^yb j?*- 1 fljLil ^1 yl^ {. j->ll 3 40 jjJLv^ Ajb^J» ApbwOl jP bJbtljl .0 j£/\*>a ApL-Jl 

.apLJI opt y Liygj LJl J yvf ylS cJ ^1 

(mi/s 1.86xl0 5 ) m/s 10 8 x3.00 <-**jj** ^j-y JiJ-t jLii' c?_j' 

.(1.00 (is) slO 6 xl.00 ^ai J.J J L J> (984 ft) m 300 =u^ i.j>- Jzz ID .L 

Ly>r ^JLj ^Jt j ajjJI Aojli 4 j ji apL- jp ^JlaJI o ^5" Jyt J 4 Jii j>S"l Ail-J. oJU: el LI 

j 4 y^l t-JUOLS cJUil LI . |is 1.00 j\^a£. apLJI opt } 3 tLp- t AJLll j 4 *.yv OyOj j 4 

0 tjJULyaJ (12,500 mi) km 20.000 AiL^ ApLJI j 4 aj^^I ^ jl 3 jLi^fl 01 ^ bJl 





tUi-1 0 j£~- c(2.5><10 5 mi) km 10 5 x4.0 ^ ^JJlj t ^iU .s 0.067 «*! y J ' — Jai-I 



.L>>- s 1.3 apUI S*ly J 



c^iL-Jkl ^-^P ^JaJl ^ L$ 4iLL? dJj <j *UJUJi 

.<u£of IS'j^ ^ t j-^Jl 4P^v OU 44 -LjJ1 oUjjjL^JI J J . jUail JUU 

f. J -/all AP J*A> £jA ^ ^**1 ^jSLjUj jLijj'y I ^jjaLw-J A1 ji> (jtj 4jj ^j&JO ^ ^ _ ,~d)) 

aJL* ^ . j^l £~-1 j JliaJ ^^ip dJJ-i <^>LjI J^I ^i‘ 3 j>^ai oliL • 

AP jj^i ^A g.j) ,/all AP j** Oj J ^-AJ lM .^Ajji 4 pL- cl^UlJir (^1 (Jl ^ j'V 6< *^ ^ < ^~ 

V J^°. ^Ua-J 4iL~ll 



*4*9 






v ^ w 0 ^ v \ / v v ~ w 

Jl JjLuJ Ja J5" <j 4Jli 1 ( JiJj cAj j jJl .> ti^LpLwJl ^1*1 



ei ja. J£ J jla ^Lj 

©.AaJ j Ajj jJa AfloSJ 




(Jjjjjj ^3 Ac-^jJa yA CjIpLui QLt^ qa Ajj£^a AOtJalj^sl APja^a 1 ( 1 — 20^ (J&umII 
?CjIc.LuJ! » Aa-ol ja jlu t AjjjjJa A3 j 3J A3^p. 3 ijia 




^yj Jlj 4*.LjaAJlj 4 0 U y *J'lj 4^tySll u- >Ul 



UJb jjj ^ <3jij l jT jA>wdJ aJy jJl Aaj J aS\ jU clgJaju jfi- IJbr aJp L I* oIpL- Jl jl I C. 

<t~£ JSJiu tS y v* L> jJ OLT LJ tiilli ^y Vju .^y^il oljLM J 4jjj^Ij o*)L y. 

APy~*o ^y (_£i 3 Apl—*Jl ^y- Ljy ol* jl*ii JaIIj . JallL a y^L« Lif.1 yj l^iyl y ^.Ur.^ ) 



, 4»— *^ll 



'*y*- 



Jl 






Jl 



fUll ^Sj. ^ .Jaii jjLL ^a> j A*-gll oyil !ol yj~*JxJl Jp *.L»~Jl ^SJil .jLJJ aJLj oLL j 

LaJ^y 0>lpL*Jl Jj (J y^ajU AjLjJ Jl y^i\ y ^>- 1 3 3 ytl*-J ^-^JxjJl oJjLM OS/ 4^;,Ll11j Lj I cJJJb 
JJi -Uj j .apLJI ^y L jo=*3 <u~iJ ^Jl olpLJl j-* oljL^l 5:y j y^- y c^j T Jl 

.AJtJl ^y f.y*r A~ij y^ll Jj 77 Jj A tj* OlpLJl JWO .JjiljJ 3 J5" j j£w* 

LJp .AJL«ly« jP olpLJl ?c£ y LUi .olpLJJ ^ y-l 5y lj Jaj j ^jS . il 3 I^Ll* cLLju IpIuSI 
!1^>cv2J a1^N»vw«* J^>rjJ 4 «^1 L a LL^^ L**A-iP ^*^ SJ ^ . a 1 ^Ja.«J>I ^ —L-J ‘._ - ^ 1 Jj S"* ^Jj L**^A«.*<... j 

.(J yJ ay ji Ijj aJU- 3 olpLJl 

. Ll^aj oljU'yi JUbl ap ^ ^jl* Jp apLJI oUl y Juj^J .La lL>Jl£ U jyJ£ LJL So: 

l$-*a) 3iL-Jj (.H ~£>- A j* tjUiil olpLJl ja oljLi'y' J-^aJ li^j&SS £ j* j <-r * ' 

( y olpLJl 4Sa\ja 4 A>wJjJlj ,f.L aj}\ 3 y“^ Aiaij L**jjL LJJS ,L*li 

4viJJJb ^LaII ^So: .<j jA a y l^*ly LJp 4 y-T jlSj* ^Sl Lyi LI ‘Jxii AjUaiil AiaiJ! dJLAj 

( y Jaai— aJU>- j ^y IjJ Jaij Jb>ry .A^Ljail oL 5jaij y* l^yl y L*JLp olpLJl Al*ly ^ ytl^- ySsJj 

.oIpLJJ ^ylJL?-! JSJ — L^l* j,UjJi oIpLwJI olj y 0 ySo g-L^all 

iw-x^J.1 jlT J OI> yi . L3 p ^Jaj 4^_>r J /y ^ y-l 4iajjj ^1 ^y <P y» yS^l jy ly 4jaA> ^>-y ^ 

4jaiJl LJJj y» 4<W*>LJJ coIpLJI 4JL*ly LuS\_C c^yj^lS" a\^ 2 Aa <**->? jA Jsla; 1 A^ JL 1 yu~~ a 

JalijLl Jp Ijbl ^yj-^L j ySJ yl LiL t ( y ?5 ' LjUa^ A ^ jJL iJywj iw-^SsIl jl5" Lj C L/^J 
ajLi*^J c£^ a^JL LiS^ y- p^j L>1^«< 4,5^ 4y*J^^ .Ai*ly_— l* oj\pLa* — 11 ^_Jp 

.aJ jLliil 4^^-j 0 ) Jj 4LaUa> yy]! 



(1-20) 4JLu 

aJo^-IjJ A-JL»jJl UljLij jLvjj 3yf= Ajlj 4(Af <pLJ 1) y-ijl Jp Ajji ApL- JL>r y Ail Jfi j ^1 

^-Lp LJ-^j wA* 3 Aj^y <ipL 1 y iJ A3wL> apLwJI a-Ia ^c* {S y ~ ~ J J. ^y 

oLlyil J,j Lj y. Laj * ^^ 7 ^^ *** ^ ) 

^ajjj^I ^ 1 ol jLi*^l J,j ^U^-'JL UjbO^ J yy LJJS j 4yupLJl yjU a^^JI 

(1“20) 

km 10 5 x 4.0 Jl y* yflJl Jjuj .km/s 10 5 x3.00 AP ^ tUaiJl 3 byi\ J\ ol jLi^l J a: :T 





Xijti Jl : j jjJUll 



(j^j -I cj) ^Ji <j fWU LjJij 1.3s M apL*JI 5?.! J ^Ij — z** . J^jSl' <jp S*L 1.3 J 
<jLL>«lj 1.3s Jlj>* E ApLJI Spl J £-lj — il*- .jJJUaJ o jlj*J ^Jl JsLJl cJJb- A?*- — i 

^y*5 ^ J>-^* ^ f <p^' A^Ul J H-r~! (^v <^') ^ 

.L J& 2.6s jlJiic. E ap-LJI ^jU- o-Ui* A/^f-Lv Jl 0 j£X» t ^»iJl 

j^jH JXftj 

.Ail:.g J?U> j ap jj? Jl oIpLJU 3L r «Jl oW jjl JLp *UaiJl J v_JI ^JJ ^-uJl £U? J' j — "Jj 

<j3wl Jpj& .j^*J Ob Jr ' if ^Js- ^LjuJl J U~~Jl A^ ji-\ y Jj cAjU^ J^Lioj 

Ulb j! ^UJxjI . j^^Jl 3 L^b^l UL J^Ux> *jlj <3^^ ^J-^L c£ j £ jr 4 ^ <JI 

JJ^sIl i^> J~L>- <^.***m aJaP Aj j^rO ^ JL LlP.5 .^j-* J ^j*Jj AXiliJl f- jjal l AP j— 1 1 £l 

# 

wj J ^Jp bU^p! ^ J/ 

Ajjjjill ApLuJl 

J^-^) J^' (J* ° J-* 

(J* jjJJ' jr* J^t 0 L^'j cJ~°“/ Jj^ £**J f ^ J ^ 1 *(( 2 ~ 20 ) 

* * 

jjJUl OjjUc^ c~i . ob?-l JLp Lo^Ip (axjUJI ll ^>*xJ lib-)j tb&ljJbr- Jp Lo^*l pj cajl^U. ll 

cLj^oj m/s 10 8 x 3.00 <3 t as- ^ jl ic. . m 3.00 AiU-^* ^+ /3 m cj~^- dT ^ilj 

51 >» J! j>3' ^ t (ns 10 . 0 ) ajU 10.0 3 \ s lO'M.OO Jy* — ll ^Uj^JI 

ja JiiJ ns 20.0 Ji bl ^UjJI j-b 4 .^-L-J-l Jl j^U-i — )l 3jjc; — 1 — ^1 ns 10.0 J>i— — jj 

.aJL" 3 jx>j aTJ' Ji 

. 4Ju;jLvJ| OjJ“l A>-ll^ (^Jlll ^Ajjl ^y» ^-s^i J C ywail AiiU U^JL* oUaJ UjjJ jwL^j 

<( ^r 4 3^^ -AjI^j ^-a-jsj ! A^j j J5" ^5 a* ja > jA^> ^jJJl jl ^y> yji) jl bjp Ij*.j 

apL- Ul . \.^ g «i. | 1 \^a jJl JjUJl to^jl oj^Lyail o^l.«/3«jll A-il Jg mmj o * v*A<cJl ^1^ 

^ * < 

a la, aj IjI ajIj L^l ^^bjwjjl ya\ cp ^jaJI ap (.5^ o 3 *J ^a «.-aL>- 

.^^Jl ol jbr Ai ^ JL?;- y V .l$j> aJ! Jl aJLp ^ j£ j^Jl aJI Jl 

Afi'LuJj j\ Lui) 

ap^m. ^ a-j J ap j*m ^ JL ^jL^Jl LiJjh j Up Ul j .LiUaJl j UjLJI ol5" U*Ji! Ul Jp ys>\ 

* * 

J >^ J olT yM Jp^- UsiJ jT cp^jaJl AP^r- ^ UJL ^ Lp^I Ul y? yil .^ja 11 

Ul y? yil cj^l jJ- !ci >->- Ui" j»U Jly- ajI M ?il ^vj bli Uw^Jb" JUj jl 5 ail J 

.Js» jSO Uw-JL APjJl 




t itUaillj (O 



:dJls!l i_jUi 




X 



t 







Ly^/jj^ 

■ Ajjft b till LajIj ^jaI^aII dl^yjui La l^A .Aj^yil AjtLudJ «.Ljafi AiiLui I^ 2 — 20 ) 

taT tjyUl £• 3 jua . » S \ ^ yL> . aJIj o-iyJlj 3 i*a**JI jy*] jjjUl Aiyi**u £?*$ 

3 ; ; ^*Ji ySsj ^ L»JUP ULC <L.-...-aJ <Jiji N (JjLiJl < 1)1 wL£ . oyivaJl g -1 yXflll (3 A**lj ^1 ^JjI 

a-^jJj y* ay*L> .ns 20.0 y^l j — 1 V— — ^ — >*£ 

cLUJii ccLJLSjlS^ oT jjJlll { ju SiL»ll jl .jfriiT <1)1 ^ L&S/ j-*U ^ £ yiaJl ap y* .yjlt.t ;jl 

,2^Jl £J- JJ A 3 yi^l ^AJl A~* ^.jJl JjkJl aU-^II oi yi^-1 

«lili 99 Ai^Ji 3 j t^ilLf 70 jf t^ysaJl 4 Py ^ aJUL 60 S:y.Jl ap^, £JLj <J^£ Up^( bi 
£-*j aJI jA 5iaij y jl ^jt>r jA jLltf>j y* L*li> l^jb ns 20.0 ^ br * ^ y— * 

.l^L-Jl J^-b 

y^iil LaJb $. ail ^y- t t-L^uaJl <3 ; J a-^jJj ^l a^jJu Ajxa;ll gAa Lpo 

^Lyiull j j ^uJaJIJ ^U jLm^ t (_l L i*> *■ — ^ J fl < < <« I* lx ^*~ I l x ^J^uj Aj^ . ol lll ^ 

■^Jyadll iJub j Li^-V \*iJLJi> .y^T Ay*- Aji ^ y“..» U JaiM j^p y 1 - 1 c .^ — •$* l)j — 

l— J i jil 1 li>l yi-l tUcaiJl J Lit? jh>- Lif ^1 p s - yJaJl ^y- l) 1 jSll 

. p y^Jl A < . w.'.llj Ip^j l . «JL* 

^UU ApLmlt 

*4 

tjjJJl L^y <1)1 a^1jT.~'> yjaJl AP ya ltf.yr ^AJlJ AP JUP ^J^lJlll ^jA 

aj J^ ll oLpjlJL \^iy l^fl c. 1 y Li Ji <S' ja l)S| 1^,. - a> jyl Jl A^y^ ^>- j 4dT^ Llj 

.^y-jinil Jyjal—j ^lli\jj f-UiajaJl JjJJy ^*-^1) A**«-J1 j 

y : ,~ T j 4 Aa J:. w ^ -t> jttP (3 J>Ul 4 j* y- y»JL^J .dl y L* (3 — 20 ) y 

4 _iy>- J £ yjaJl 4 P j^J A^iftlil yj\.T Jr.^i A^j Ju k i < 1 )| .t-li y«Jl> ITl/s 1 0 8 x 3 .00 AP j-*j 








* i 



& 

d\ a*J-^ I J* i J (1 bl J* jJaP j J 5 sj litr J LJb c^baJi 2U il ol 

^ * jbaii ^Uxi J^y J £~£ o Ji-S" AP AJ^jLJ! c-i" . 4 -Lji^Jl ^yd m 3.00 ^ jb"l AiL -1 JilJ 

bJLp 4 U*uaJ t^iJl .^L*SU aIjU 4 iL~* AIjLJI cJL&I j cc-^Lll cJ jJl (j oT ^ll J,1 jj JJl 

jl <buL»Jl v ji y ^JJi cbJ jJL^ tiiJJ-iJ <b»wiS** . oT ^il ^ ^L-J-l 

. j ai^LJI ^Jaiil ns 20.0 ^ jj 5 ") L*j cJ jiiw-l JL* jjdl 

ii^>o L j^j . olj A-il 4 Jslaj 3 yJ Lk 5 ^ tbg-Lpb Lbbij aJ IS"" j ^*^Jl j^Iaj tAJLuLdl — j 

ap^ ^ 1 ^13 L .j> 5 l ^jLdl jl 5 " US" to.J' ap j^> o.sbjl US" .oUa ap j*~j ajljLJI Jp-b yji\ 

fits % 

. dj >S" jlJLii AjU Jl>r y ^ b ^jiflj ^La^- Ijj-S" y*J^^ -X 4 j^^ 4 *£p £t**aj t)S *■£■ jbail AP AjlU*« — 5 l 

JS^U JlifcM Uj^aJl aU^I s-^ Uit ^ ( 3 - 20 ) j£U< dUS j^aJ db&L 

.' yil~U' ^JOr jU»I y <S J* UT CAS" oL 4 N bj^AJ jlj^ 

4 jUua 

iJlUl ^£Jb*j AAjLdl Aj J 5 C-bbajtll Abf AP ^u A- b*bj A__j*}lp JL?rj—J 

Ajfl^l^j A^kLL* Ai-Lj S 1 cb <3 Ajb a 5 " AJLuLd) (J$ j g la^ L^^Jl ( 3 ^^* ^ P ^ship 3 ^^ ^ 

.p jbaJl AP j*si rjA tyS ^Ljl AP^- u 3 ^!j *(J> J^n ^ip b-Ua jA j b-UP A bUil ApL- Si 

JbJb 

. •• 

r shjp =d - M 2 ) ,/2 

: C ' ^AAjLmJI t^JL* (fa 0 ^ 

k= 1 /[( 1 -« 2 ) 1/2 ] 

- (i - u 2 r m 

,A-*Lil ^lijSfl y ^jp i^Sl -b?r y>J bb^bj Aij^ bk_j C^vaJl db* 3 1 

alkali £jJa_^a 

AjI dl L j>nVu Ajl^ill 




AjI ±A\ 



<i>* 



^1 

(J-b ^/ jjb 

AjjjaI AX-boU o jfr> all f-bjaall AjS^q 3baJJ bo .lie. ^^.jLdl c_iSl^ail el jj b» I JA :^3 _ 20^ Jibili 

.CjjJaSi Ax-^u 30 l^iiS b J>=w ^-lfi Ax^juU 




j* jJ tj ctUaiJlj cOU—Jrtj :OJu!l cjL)I 




i) .m/s 10 8 x 1 .50 4 p j— » ii ^o' vz-JiS' bj j-uJl J^U- <jJu> <j j b eo 

»y»jt S-«A U»j Jb)b j I JU. s 1.00 ^ b| .« = 0.500 »Ju» 

tship = (1.00 - 0.500 2 ) 1/2 
= (1.00-0.250) 1/2 
= 0.750 1/2 
= 0.866 s 

u^V 1 / i ioii j* l*- Li xs- s 1.00 jjj£.ixLJ\ Js- s 0.866 Aj I A . t n ai ( Cj i 
Sjf ^il • S ^ijZ 1.15 jf 1.00/0.866 <^_}L~ J oi Jjjj 

'V j£' ^ } 

s - tSJU-l 4 -L» j .m/s 10 8 x 2.97 if-j — j jJ. 1 OjL* bt U hii 5-L-dLl j b*o 

:dUi ^ <y>j' s-*'^ JL)L j Jl* s 1.00 y bl .0.990 

/ ship = (1.00-0.990 2 ) ,/2 
- (1 .00 - 0.98) 1/2 
= 0.0200 1/2 
= 0.141s 

j k 3Judl J>Ip ^JLj JLp s 1.00 J! JU s 0.141 y 4 j I ^il<i >«) ^ C ! 

99 aT j*Al iS }\ y olj- £- W y V -b >' 7.09 j 1.00/0.141 aJU-l .A* 

J* U .AV br 4 y Ay* a* br 4 Ab 

<# 

cii J y 1 *^ C^ki~-I bl <,bp\£-\ A^^Jl 4 j ^ iaJLl Ui j .^yjll j yLJl JJ £lb ju£j 4 <_£ y 1 <S 

s yu j JL*j J,! yL~j jS . JyLuJj J,] yLJl ^JLl^j: ;Ljt5" 4iLJ Lit5" <p j^j JlLo'yij f.U^i LyL- 

byl~S" Jbu 5000 2LJI 3 dlif dL~J Jl4 j t ydl 4*J»* dJ jJLj 1 — - y^l J! 

.p-A J y O IS^ J c4JU^P t yb.,t>; i >l yj L*Jbc yj o yJl 4 jIAj j3 

(2-20) aIul. 

L*JLJii ytlajL jl jUaijlj ajL--Jlj Qj^aj3^\ jJl (3 ^ bl L 

.(o^U-1 yajo j A^jJl jJbbll ju oLpLJI -LJ> 

(2-20) j* 

<» 

^•jJl i-UjJl J^lp ,4ja>-^j N \Ssx- (j yjjl f J 

3 ® jy ^ ybi O^- ^ y* ' ji^ by- ( A-LJ <Pj— o ^ii J-A^t (i bl IJj*- 1 y — 

ylyj ts 1 y 4 ywaJl by- L^iii ( jlJ b ji oIpU* lil y : 4aJl olPy- II 

• Cte **- jil ^ 3 







(3-20) Hu* 

Sk = 2.00 iJJ >U jrb'V Uj-iUl ap^_JI ^ U 

(3-20) Ja. 

IAaj Jai\ aJl6 id 6jias>- lU V ^ ^ j jl' A Mm /9 1 

k={\-u 2 r m 

2.00 = (1 - u 2 r m 
0.500 = (1 - u 2 ) m 
0.250 - 1 - u 2 
- 0.750 = - u 2 
w 2 = 0.750 

u = (0.750) 1/2 = 0.866 

.m/s 10 8 x 2.60 jl t-yA !l ap^ ^ aj‘116 86.6 ap J l *-Lr 



^jLuaftl) d^toui) 



A^aliU - jtS ajUS~ aJI*JI olpj-Jl (^t-4..— : 11 oU-^-Jl As»-i 

aJI jii Ajaij ^ <w-ii y L*JUP Jaii JL^jiJi (j 1*5"" .l$l5" flW <j 

P s* s* 

.^.j-iaJl AP j*s> ^jA L L*.***. ? ?- 

JjLli : jlai A$aj 

. tj L^- \ L« UxxJ g iAjp ( 7^P ^jS"* j^Jaj tf-L^a^ ajua»w ^ 151 

CgA ya$ AJUA^ ( J>-b b| A**»jJlj £j Alkali AP Ajdb 99.9 ^Lj AP J— *J j! 

Ajaixi* a* 5I Ajauj ^uJa J^-iy aJL^JIj tg-Lyiadlij j^Iaj .Lj A^-jJb o y £~~* L*jb aljLaJI j 

^yadLi L5^ Aiuaj ^>t-J ai ^ L~J Lia$1 ^LjI c^53j .a-^m-J A_JUja3 aJL>-j 3 ^aL*A\j 

.a jlaLj e£^* j* J 0} .U> Ja» yUj .L$IP o^bjJ U> ^ls» 

A- — iJb Aii^o. j j£j l*JLP U^i? aT ^,>^1 A^S" ^-JL] ^ yt»UaJl J j — JsJl L i ^ i 5 

(jLJb .£ j-tfJl ap^ ^ ai^LJI ap^ u 

L = {\-u 2 ) 1/2 

^glS"" .Ajail^- A^w*j A^UI 0>\-P J A**-jJ\j jullll iJLft (4 — 20) 

Ajl .ji yLJ.i cl^Ub JT jj A-S^l j L y^Ua UbjJ Uyu; .aT fl L4l j 

. A .,.a J.fl. ■ L \ j ^ ..la.a» *Aa*j ^ajLo ^ ~^J' j AaI^uw-JI c3 A«^»»o ^ 

.{.^aJl A-T^l AP^ t yUaJi Alil^. ^ c^iJl J ^kil 








QJpOlJlA * * Hi. ..I l 

%100 - JjUl 




%87 = J>U 1 







AW 




%80 ^lii a^^uj 
% 60 - <J_»k9 



A \ Hl j\ I 

% 9 5 aIu >aj 

%31 - JjUt 



lj 







%99.9 ^lu A&y*y 
% 4.5 - JjU 



J y a y ^ ^^10)1 i^k i* i Ac* ^yji <^4 20) ^l&y*J\ 

•AjS jz. jja-i <J>L jjJc. 



dii jjiauj Cilniat jjil 

3 0 

cU L*>MA<k4r I Cj^ ^ c lL^O ^ jiJi ^P (. A^ iT i 1 1 dJLA ^1 P I^L^Ipl t^J^.1 < >. ?♦ *Ai . A-j L^J 

AP^*-j oli^Jj-aJi li ^ ^ 

^UAJlil (3 ^JUJ ^jI_£ V Ajuij Ll^lillA jl jA jf As*]?.-* ^ys\ jh U&f (J-* 

4mjLj d^Lp <Lj\j ji ySt!)\ llM < y»\ \ ^U-li ^j* 4 4i^-i Jj>-1 pJbtJ ^ ^llJ\j J iO j—> ^ 

4 

?d^ j>r y* <J yih lM I. -j i^JsJ J jjisA lil L^J 

Ot «— V Lf, y*ra\ \ \& jtj* ^jA \ fr T P l^JjHA> L*JUP lL»J^ L^P jji^il g.L»lxll ^ l *j 

1 Ail ji .^‘-wli ^ ^Lw- .f. j-saJ1 Ip ^ jJL ^jA L* d^L« jJ *> lit* <J jJaj <l)ij ^JtJ 

^••/it\ ^ ...X-j -U1 jw 2J^ d tfr AP ^*>1 ^ ^Jb ^La3 AI-jL^i ^JLj ^ Sr 

Aj^lil ft i. . .. -^Lj tCjLi y yjM 4jjL L* 0| (JW^ ^ j ^ jj A J l —-‘~ Aj ji. _y? SC^l A j 

Vj tLS^L*# j jj jiJl j V ^b) .<* j— Ji^ A^J Jj 3 j;->".;;^ *-^>^ ^ LL>\—^pL^ 

J^Jl ^\f' jl JyJI^ AAM J (j5vjj I i^-y*-J Jj;— ri (^*J J* J A : ^>' '- 1 

■ 'V^ ^bllS3i jL- M oUyyJfj 




uJl 4 j jkJl :0 



(4-20) <iuM 

C-niAJl lil 4j <^4)1 J _jkil y* U .0 j 5LJ| 5iU- ^ m 19.5 c-L^i A-i-* J_jk d\ J> _p I 

?m/s 10 8 x 2.40 a* 

(4-20) Ja. 

:u f jJrl 14* S-_j4all APj** ^ tj*- AP_J— Jl J_j»- tVji 

m = (2.40 x 1 0 s )/(3 .00 x 10 s ) 

= 0.800 

<« # 

.0 (J5 'U-jLw-Jl (J (^AJl iL -5b£^[ flJl d 4iwJ 

L = (l -w 2 ) 172 
= (1 - 0.800 2 ) 172 
- (1 - 0.640) 172 
* 0.360 172 
= 0.600 

Jjkil m 11.7 LS k- 0.600 ^jl>«JL> m 19.5 J^k)' u-j ^val 

.m/s 10 8 x 2.40 ap j~j jlitJ <o <^411 



a >iu 

UU I Jj\j J £^-*1 JSCiu ^ *^4P *-b'j j jSLi J 

<* 

^UbJ c£*^“J <Wa»bJ (^jA. bjb*w* (J^aJl JjI jj c)^^j 



iliiil :jJaj 4+s.j 

4. ? .*»; J \j OuJg 4j^i-wJl (3 u^i tc-Ukj jA J^b li ^iL* bj 

J^T j v~LJ\ ^JbT AJUoil ob ikiJ jaj . APjL^* jS* L:;.^ ji LlUs» L ( 

.4P ^Ji ibbjj IgJUb oljJUi 

u .l-JI ^JJ 4^JU a o U jlp t$ib£j <Jfis\a^£ S5" aIiS" w ) 

0 

bl . p. 4P j^a/ ^jA tS^ 4P 



w = 1/(1 -u 2 ) 172 

- (i - « 2 r 172 

<; * * 

*1 (j£ ^b*o ^1 jjSi Uib 4j^ . a jA.>/a^ a-i_4 obi jp c^AJl <u*ujj ^ 4jj 




i 



:<dJ\iJi c-iUt 




lit oVI -"o^" liU jSLio dl ^>o' Ujlp .(4-20) j£dJl Jl ol l ^Jiil 

. aAla**JI AjidS** cJa^Uiaj Ajb^Jly ^yli d)i * A*L>«-y2 f " 

js-J L*JLp . ^yU 10 j (oLiil aJL>- j aJL^JI) i :T:.i.-l iLj y£l3l aL: ^Ji of “*i 

j— .J-laj _/> ^ 1 1 (j^ S\ *\*y u j^aJi ^p j-> (JuaI jL_J ap j 

ap ^jA ajLIL 95 ? * ai L*jjp .LjjiJ <_£ < yU 17 i ^ «l^r* ^t. yaT tp yddi ap iSLlL 30 

CtyJaJl AP^-^ ^y* 4jlll) 99.9 A U A — Ji AP £t*yaJ L*J_iPj . Li yL* U-U 32 Jiy>- Aui—Jl Oj J cpyya it 

ctyy^Ji 3 p^** ^y* a’-jLJI a ^ j*a . Ajli^lSl Jj Ij^jby . L> y^* I 1 I 9 220 ^y* j iJT*t AmAmJI aJL5" • 

.Ajli 0 jd ^5*1 J ±\zy 



Uj(J dJj^i A£j<uilt 



AP ^JLj AP j+m Jl Aaj j*~j bl A^jli *)l aJjS* l)1j yil^i {_£ j — — all 

Cj^Jj . A>Li tl)j^ AjL>L*J 1 Aj^yaJl (3 171 A^— I dUyJ c(AjLLL 100 ji) 1 y* U <— ;i C*Ll$-Ji 3 *£ J-* 3 ^ 

v^J-L>xJ 3 L)i iS j>~\ aJL— .> Li I <t* AjLi j jjA Ay?L>- jt A^tU> 3 ytUi <^jl jH\ JLP ci-»JL^ L* J y>- ja\ diL A 

.l$£jJu ^1 yji Jp ajL^JI jlp Lip 

^J,\ -X>r y V AP ywj di f t -/» * A.*.. pfl «<* JL>-t y ji ^ .0 aJI>- ^ >■ I ^__j 



oL 



o 



ciJJij cp jyaJi AP j~m Ji ^Li>- |*—^!* <^t Jaa- ^.ia:.^T AilUSi ^ 



A<u.yaJb jp L»^ caJL^JI J^Lp 0 cL^of vdJLli 615*" jJ .pdlii ^ ^i A^-Ji aJ^SsJI 

l3 A> jtu* jS' aJ^P jA*S> ^jlp A^w-JlJl^ .vlJLl^ c-jLwmj I jA+S> ^lp |» LJLp . — *Ll ^1-A P 4 Ai i - - ii 

. oLw?L jJl 

Ai^jLuvJi ^J)*^LJ1 ^jIjJI ^ ^ — ,^i LIlS^ ca1i5" a*j j— J i f i -.^» d ii ajl.a.*> * ** ■ •*■ - ~/^t L^ l fT * 

Jjjii Ub^U^pi vdJJ^ J»c4 . aL‘U * /»“ CP ji^'i AP j-> pi >/? A ii A LJu* AP LaJUP . (_C, j3>\ 

4j*^ £jpry ^JLP JLal^lii yyi i ..'ll ^IJbAJL^Li l) 0 ^^JLlJl C ‘_ ■ /^i J[ 1 * -/»i AP j^«Ji * 

. p j-.^ii AP pLySJ Aj.A.v ^WjJrgTo.T AilJaJi 



4^ j>uJI 4^U^ 



_AJ^ 



dl y^j V t*JLP Jjy^llVi aJL 5" Jl jyi J ^Jij c jjjJ^JyU 4J j£~Jf <LS3f JjL* *JL>i jL 
a:!:^ ^y* aJL^ (dJLlir aJU c4. t ^S aPj-h AiJi y tS j£ <^3Ji Dj^i^JNi <jMUji jjp .t_Ji ^JLJ a : :H .j 

L)| . ij-LJUljl pbyiJl 3 Aa JL> r «< w i i ^yall 3 aJ jLd*J Ld i 3L5" J>- A»Us> J p yi y^ r Ilr.A..^J JUUj AJ - i I 

dij>»IJ L*-IiP . aJLaxII C-^jUvdi ^ jij 5 j£ ^jA ^A C^SL^ajjJi d yJAli] jjL*-* J^-doy c Aj^A^-i pj A 

aaJ- 1 '_ -'^vTj oi*^»?r ^/gfl 3^ LiU caU15^ p ap j— -? oLij^J^i 

pJU <3> ^Jt Apj^Jl aJLp oLijj^i^L) A>-jj .An-ili iiyii /y* 5j^UoJi l 4 Ip aa dij x 

. Llj <y^i ;a aj JjoS i 




£>■>»« :ll 4jJad\ 



* 

-Jrlj 40 Uj^lJIj c^j-ii!j iOli y jjJl ( Jl5" ^^Lp o! jotjl 0*i: 

o * 

^Ju jLpr J 4jji J V J y^^ d^i-A y^i. yu *-UP »(^Sj>~ j! A«jJ___ 

M 



oL^Jrt 



IO**i I ? 



j^P" <J VVl^rP J OU-^r» dJ^ ^/aj yJ *UP .t£j>-Sfi Vj — A-' 5 — j j3J' 

. O J * 

^iaJ y L*JUP . U™J! otjoll)! IgdbS" ^bjj cl~P^ o _pS AP^~o ii ^>*17 UU C, 

J^Li/ ^Lp Uliajl J^Usl tOJlb c!a jJL>- JUP .ciuil oljjJl (J y pja>*£ CjIjJu C->bJ 

Jp dJJb5"j tULp 4juil j cx a*-Mj C(UV) ussv^ulj (3 j* A*-i!j c^j y* e-y&j i(IR) ^ A*-b ! 

> 



? -j -/ V V / ^ 

J 

. AOjir! oU ^*4 l Ja*Lp 



131 



y* o y oLpj— o i] 3 pLjaill aL jl? oUL~l b» oi j 3 *bja — ail .Mjj y 

131 0JJ3 j aJL 5" ^£5"! jJLJ LaJLu . LLp L» j-g-a>* a^»— jJI aJL^JI ibbj Oj^u* a j-jd! ap j — ** 

< ./j ~ * l ^ ^ c^i A.«»3b Ai a^*a**J 1 ^^^b j ^ ] t3 <<*> >._ • < ^"i aI'J ^ y A*i!^* ^ * ^_y LaL ><. § \y 

j^idl iJbi- y .® jJa>- aJL^. jSLi^ j aJLaJO j aIiT ^5*1 a^t jl>- aJ! y y ULiij 131 

.f. j-^3Lil ap ^ AjLLIj 99.9 AP jmo Jt ] ^>o a;,.,<L»o kg~l Ojj <w-J ^Ljajjl -Up L* jLt j 

tjJLUJ AiL>^U .w = 0.999 o U jjp kg 22 j-* oj^ kg-1 Aijj ytJ-l ^iU3 

* * * ^ 

^JJl ^J.1 *>LjU IpU-5»I a>v^* tA~~J 4p j— o a- 5" ^il "<UJuU" ^ jIp 5j 3 J5" ^jaJ ^ — -- 

. AiUaJl aJIp oUl-Jrl oLp^J* j U-J-L4 



c3*^ 

* * ^ 

^jjL u *wj 1 l ** - c L^ Si - ^ aL^^LSI I yA ^)i ^wLC ^ 

fi 

. JL>JJ y J ^ oljotill oJla jU jJLUJ .UjL- L^jp 

a!>- J j J jild UL-jJ ^ j Cdyli? 3^* i JS' AijJl Aij'U b j3 apL* j ^ I ^JUjJI 5J 

(^JJl Ol^ii j (j y>~\ aj j3 apL- c^Ajf .apLJU ol y jJLSOl ob cJtL ap^-o ©j! aj j *• 

a tj^y iaii LLil? bj^- 3 jL^J cJl5" ©yUaJl ap^ jt ^p^il ^^Ip . aU <zJhy j SylUil au 
.A*-U i aULS" a^-jJj l^S*" 015" Aj! V! t!JL>- !j>*wa 0L5" ^jLJI ^-A<».il! 0! y p-P ^ tpj-jai! 

-bu) aL>- ^ 1) ^ju Jj c-J ^J! oLpLJI aIjU> oJ iljySl\ a k^! J*! 5 yliail o^! p Uju p 

^ ^U5 bJy © ylJaJl 3 ^ ApLJ! cJbsw- .(^JaJb tjjjajiJ! b-g_* ^ j 

(jip a^ 5" L- cl « * a j gj! apLJ! *■**—* y 



* o'* « o'* t % 

bL^ip! ii ^d! AbS" -bJLU ^v^lc olPj^* 




A^b ^Ji obL-J-1 f,\ y*\ j up .aJUiJI) l^JLf ^J! a-5" jJ-! aUU© ^Ip j 4i jyti! aJ jSLJi aiL5" ^ Lp 




(5-20) ilL- 

ii >»—j *y y y^ji (mg 300) fl jf- ^L* 300 jj> t ji*v» L_i i> jl jpj — al 

b y»UaJ' aJuS^il ^ U ,*y»Jl ke-j^ JA yllb 99.9 







(5-20) a* 

ib^Ji t--> j^\ f m = 0.999 of jj^pi t2 u***jji ALf^Jt ^ ^ * i |* \ ~>i t i m 1 

'■tji US' m J>UJl 

m = (1 - 0.999 2 )” 172 
= (1 - 0.998)' l/2 
= O.OOT 1/2 
- 1 /( 0 . 002) 1/2 
- 1/0.0447 
-22.4 

•g 6.72 jl mg 22.4 x 300 <S~ piaj y_ 1».lp ikZ' ^Lj 

A *» UJ1 A^XuuJI 



J y^ tS Ai^UJl ,4Pj*-Ji ^ U -JO ^jXU-4 ^-LJL* jl>s-jj ^!j <0j^il (3 y j *^ V 

0 ^ jl^jf 0\ .^jL-J cL>Ji5^ ^ lill© 0 _^j j' - J^i Of — * kli — b 

ib 4 mmOL ^ JUJu ^ of - ^7 LjLi <.&£* y*JS 1 jf Lm->j yi . AmmJ ^ a f ^ y 

jA . Il (3 3lUfl...J A*— jJb jf m . wli jf 

£ jLuull 

.ApjL-lil jjP 4«JL>- ^il 4j jIa> 4Pjl . -til *LjL>- ^ ll <J J>- b^Lp- \jL*i jf Jfl ^-'b/ 

AiLij <*£>*j* a j > ^ >m ^J^b ^ y ^ ^il 3jb- jL^-^Hj iJJL^f bj L <3 0 ^ < xj 

, (4ll tf i> j^p) 



Aiu9. 



0J if 



U *. 



jj ! 



jJl 3jb- ^ 4->-^llj Ajjbl jJt <JL>1 Jj*1I ^ y tdljai-* bJUl j— 

jf vli5" ^ AP J^y Ju JL^j aU-^I lljJl till *L— Jl) AjL ^ Jjh- ^ ULl^-^l 

0^ OJJi ^ja:.-7 y .S apjL^w* a^a*JI cJlS" 0) j4^V' 4 u^J ,A ^J ^ 

^ iji ^Ob jJaj 

< J>-b fj* j dl^*b/\j ijS** ^il iw li ol5^ <3^1 -Lp 

t 2 ; ; d. M li li^Ljj 0 --^ CL-iii?! lil A**lJ 0 jij ( 0 JL-*J»r I 4 -J \ C.J AL.i^,_ Jl 

J 3 ** 4-^jjUait C.. bl A 5»wJ d jiJ A^i— Jl <3 

(J^ l<A^J tl^IP J— - l^-Abrl lL— ^ 

.(5—20) <3^-^ <3 ^ O a*j ^jbr 4 jii A ■tajLbJl >" b ^ 





a> ^J aJl 













v. 



® J* 






£ J-** 

^lma>Vl ASuLla aj 3 ^1 IfcJjc. jj V mil ^Ljaflll ^3 Aj£_ja 1 I ^ jLuUJ V baJ ifc 20 ) 

P 

.I^Ja.1 j ^LutAbV^ ^jlc- aalLm Uub j£ 4 ^ jUiin LoJjc> . 1 $ \^Ij 

Oibjl LJS" t^UaiJl <J ^JlJl ^U- 5 » j js*Jl jbjl jt ^jL-Ji jbj! \ J£* 

^jL*j aj (fljp ^-£Jb) *~a-JI J^b (•—**- <bS" w cJb" bi .lgJb»b ^~+>r JS" aL — J ail l j — ^1 

I L*J& j V 9 ( 0 ^ ^£*tb^ ^ Uli ^bib^j t^AjliJb Aubib ^llb^ A^i. — 1 1 

F = ma 

.£jbJl J-^iJl ja \*£xz jt *bj-iJl <j « j£\ -b-t Ul 

* 

t'y jbl J\ 01T j caU*b al^LJI iil jj cJbf jJ aJlfc £ jL~Jl a ji JljJ i- 

^jllJLJjl ^ 5 s 3 . 5 ^aJI . 5 ^Js? L$l)a**l jj /jSvJT Aaj ^ 1 ? ^1 Jbs-jJ V .^bbl>-l a-v^j (j olJLxil a~ bj 

^Jj c taa» bi-b .V ^jbo A^LJl cJlS^ b! JjJjZ- ^ <j\j yb^JLi j^SvJT cal>^ ,bll a j 4 

jJ^I t oV ^ 4 Jb-i yj c AL^b-Jl bJUP .bbjl abrVl £^jb»*lJl aL j& c-jL** >» ^ ^ ^ ^ 

.oj^i j *ilk>. 

jfltSi]) |jb 



.yS £ ^Js- cJa.>- Ji t ^UaiJi j lit *^JU j caJUaaJI 

abrlj ^jLmJj ALiL-Jl JIS^j l^-l>-ii ^L*L?s-Sn a J-iJ <J^...,^ A-jL-JI b . A Ji 

Ji .ti^Lii ^jl-J jtS" J JuiJ <L~£ Aui^Jt A*Ji^ J .ia : j J i 

aUb ■t.*A<.«« J I jts^j lgl>-b 4 ^j iliri i y J-U <L-.»A j>-\ aUb a^ai* aua«J1 0 j ^Cj 

.U^J5" j jt al4vi j jz*j jt AP^Jl (j JA ^j \ — ^1 uiiL jt /^SOr .^bf 




^jllj 4 *Ua)lj t OU-Jr1j rdJlill <->Ul 



*-j>j aJL>“ jj otJpbJiij jbl tollajc* lit 

\ y jP 4 j 4U a yiJl 0? *i aJL$5" y j j jyL-li 

•ja*^ 

L i Jujj 1 yip . Ay iL^-l o y 1 ^ »**fli o^aj L* 0\ ,^ji£z!f f-i*A o ^sj^\ d-U ^4 

oijjJJ ^LJl oUi?-'^L* ^jA 4f.^-i» (3 y^jb^tj ^jy jJill c-j j.1 IS 

aj J faj ^*^1 ~ f.Lja* jby 



^U»illfU 

^jL^lj" 4Jiyb«Jlj 4 41jL«.11 ^cjjI 3*0 (Jj^UaJ y . fLsIajlJl j$ ^.LjaJ 4 JLjL>> Jj yb*u £ 

4-ljLv-J1 Jj ^ j^y* 1-L& J5 bLb* <*— jb_ jl ^j0j ■ ■**! .^J— — *1^ (J< 

* * 

jjJLil la.-jg) £^jb*lJl f.Jb y»J C-J .<LiLi J^- y 4jj*Ll ^LiU jl-lJrl ^^P oT jA ij — ?rj — 4 

£jl~J> 0-jl^Jl j^i -UP oJL>^- bU .((6-20) j£i_Jl) i-iLi_Jl j_T r Jl £ 



JJJi £j±£ .1^-%' J^uA 3-iLiJl Js. Jt\f JSOo jj-L)l i*i il y»o J ^JuiU jijW-J' J 

«* 

Lpo c^Jj .a>jJ~ 1 L yp jobU *JIS" a y (aL>J] iJ^4 jjP (^') Jji*> ^ jb^j J 3*a (j\ y-~o J ajS/ 

J * * i 

3 3"* tO y^" (_£*X/* jj Ajl^*w«*«4 Ij ^ «] a <<■«*) bi I bflJ* Xo > AJ ^iAp ^J>aj 

^4>i vJu J! J^Lio LpjL-J lil .^yLJl j JjUll jlo^i JUP 

* * 

<J j-slaJi 4_4J^*I 44JLyL»li ^>-b £jA ^Jb^JJ 0 ^*^1 ^1 (£ j .4Jyb*Jl jP l^Liol jL—* { j£- I-Laj 4j jJ ■■ JJl 



\ j\~~a aj jjJJl jl jr 4 .((7-20) L 

M. 




.((8-20) .bu f u^U i.yi 4 -T>i xu 4 UJi 




jJJ 



Aj^joSil baJpJl (Jsujj iAjjiuJi (Jikb (j jj LoS :(6“20) (Ji*2Jl 



,^^Luuj V Lo^jc Aj£^)a1I ^jc ^ 



ULA 









* 

.AiLiJij jjJJl u% jk** j*ai\ L*jta y^\ £^UJiJl ^i» ^ jlk)fl u^ j— - Wt ^ 

(3 (jjtxiiA) t^jyt ai^jC 4jIi«,m,.* j * t 0 ^k»i* j\P jA jtk L^kX^bi^* JL*p a*«>«jl* aj a,w ., ., 

* 

<3 kk**'** 4 j^ki jL-il Oj^j tAAji^-i (3 i(7 — 20) J t> jcLLidl jjjjl a^ j>- /^>k> 

J jill ^tfbwSlI o yfcliaJl &JL* C-Otf IaPj' — 1* aJT y* ^ 1*5" ctlibj jL-il J jb\ 

fi^aif filial \p l^lll iJL* Aj^a]I Ajbl^rl jS ^jL-J ^jjb- 3 g-U^aftll jtj 

S-£ t( 8 ~20) j£iJl j (7-20) J^-SJI 3 US" J* j>uL. J^Lio ^Uiil ^ 

olilL ^ll j? iUlill AJbJb ^dl ^ ^jUiii v-U!i aJb- jJl .^Ull *Uai J JlT^I ^jL .:! jt 

t(g lA }*jiS) ^p-U jj ^p ka/l dji f-Uidil j**j .(m/s 2 ) ^ j-^ 4 

oiUrl Jib- L^wUj ^Jl A jaII g~l {f3i\ £ jl~Jl j* (g 1) aJUj‘ ^'j j] d^_> 

b| JkJU Afil !^l yJl jUaiPl J AJUlIi jUaiPl Ju Jaii£ ^) .m/s 2 9.8 k jAT ^jko c^ii' j — H 

apjL^ tUoi ai^jL- (8-20) (7— 20) JSkiJl <3 ^Jl jwj y .(g c — jIj 

3 «jy5"" Utkl jji** Jjbli i^jS/l tJbjlj 150 Oy <i~£* bl .Ajliill ^ cJ>\T oAp L^p-jL^J — j 

.^UaiJt ^ Oj ji tdJLiJl ftJl 4 oiU- Ja>- j jl <p jL^> Xl^L- 

AjJj-kl Aa^S/ 1 AjbiS^ Ajy oiUr J jA>- Li*i J^ry (jij^ ^ jfi ^ ^ <J * 

^Lil j£j 0 5 j?r y» \^l . ^ 



AjjJL^D ji ^jLuufl ^U!t ^JL4jlt J«i4^A 

Ji J? JjJLiJl ^jLJl jp ^LJi ^‘U aj&\ ij*} — j 

ojJ- 1 JiU .aJI JlI Akii ^ aKjl. N j coU :a-^UL| a s ~JJ ^ jT J b' . jUi 

* 

Ujb 1 jjh J A^k^ 9 jd\ AiiL«Sfl ^Jam\ j ^*0jA tf-Lsiax]! AJUA<^ ® U Aj j j. ,. , Jill 

.A^JtPr jl\ Jbi\ j ji' ^kp J-k jt C_~£ Ail .1^. b mJu A P ^-JL 




Aj^jjill A^ajaJl (JaGoj tAnft»aH jAtn i£ jfi boS l| 7 _ 20 ) 



. Jlfc P jluoa Laljc. AaS^alt ^ja-Lo y^MAi 

0 0 





ifi-Ljaallj u*>Ul 



* 




A-a^aJI Ax. jUjiLall AjS^aII i-1?k *«1 ^ jL^ ” jfauiA jUaj ^yo l^Vijl n a 2jC- I^8""20) ^SLmA 

* 

V ^j£ 1 um 11 jUuaII (jc- Iaaj AjjjjlSl 






(7-20) j£iJl j A>^ 5JU-1 ^ J_^>i iiLiJl J[ Jjjjl ^ *to jlp J^l f UjJ! jL- . 01 

jl — j i Ja^j j^U-iJl oS/ lilii 0| .(6-20) tJ i**-*?^ i)U-l J ^aJl jL~* ^ — » 

JUl ibji oJJi r*jj jULl jli *iU^ 1 - r «.^ -to 

jL-w* (7 — 20) (j ^il jLmII Jic cc-Uai i^L* <j ^iL~i AJUail ob aJ^aJ ^ 

.5J»LiJlj oUaJjl Ajaajj L$-l* jjJJ} j^I*j AjaibJl ( jv kS ' ^il J5 jJb ^ ^viaJl 

* 

* ^ +*tL*** H "Aa J^ aa al^b *)LU i jjiJi ji$*- j— &. 

J ji>f i*jJ~\ jl— * ^ 4j^Jj UiUil ^ )/Ju ((9-20) J^LiJl) i-iLiJl £ J* Jl i-jJ-t 

4*j jiTty 4 pL_J| 4jjjJU1 apLJI jLi .((9-20) J^LiJl J! J&> I) j_^ ^ Uj^p 0j L~. ja 

0 * 

US" Jaii ^ iJUlil £lJ Jllftj j .liiia* blj JfCiJ ^)lj ^ ^aJl AP ^ Jp UiLiP^ 







.Ig.-fli 3-5"" ^lt ^>-lj 3..~;jlj Uiajl 41y L . . .H OjJjsLj ^iJl ^J-i y <S j — i 

.A~~Jl a5 " JA y *j* j£\ j£-io "bi*j Ji^" aJU-I oJUfc <j A-pUrl J ^ jL3 jjSy 

e s , : 10 ^ 

o^i ^jl) ^ 5" d*AjtoL*>^ ^ jLwj o ^i *jaj Jb « *» o Ljl ^ p Jt>A ^ o I h j i A ii ^ > , , .. P ^Iwl... 1 

dUbS" 3-5" ^ll J tbld ^yjil 01 Ujlp Ll*i iijJd-j tbJbyi yalii — i! 0 y (a* pU- 

aJLJL*- oLpLJI .viJJi (10—20) jf (9-20) y (7—20) ^UaaSI 

cdJUJLi Aib^^l i «,ll 3 -jo* y J*)l>- L$Jj b lil dJJij cblaj j£\ t j£-io ^ y£ liij 

•u >% ^ A ii^*^ A^i— Ji / (J^ 




Jjj 



tAu-iL-JI j£y y 1*j-JI t - nnij jjalll jjjJj p jl I ^9 20) 

.Jlfr (J^*-AJ AjjLuJI ^ ^)LjJj 3 L«Ai& lj* 1 % VO ^-blJuJI ^)Lui 4 (J_j 5 j 



Ajfli jaII Jh&b 

0 Jp> ^) . A--— ujl oLbaiLj yAAJ ^j>- ^ i A-*l*Jl (j Alt Jjau jy& L»JUP 

y AjoUJI aJ y}\ A*-ity aJI y y>\at~ JSLio C~C .(Jail p~- dJlS" LglJi, ill* AH oU »LJl 

* * % 

by jpAj -Ji A-pl^-l ^|a>- (3^ ^ **^*»**^^ ^y *— ■> y3Jb i^lLl a— il y 5 0 oX— ^ 

^ ^AliaJi jjl ^ I Jjb *< .N ^ A-j 4jciS/^ y <—*> jiJb 

.(( 10 - 20 ) (^ 1 ^^^) s* i y^b ^**^*iJ! jjjX. ^ba— Jl 3 |*->si) 

y-i (^1 jy Ip ^ ls-^ i)^ AA.tA > - t^j)a j b*^" cAjil ^li ^ yJl ^a-* Al^Jlil d-jl5^ 

cJ> ^ ( y 4_olajl Alibi-1 ijb^l l*<uJg f, j JjJ- 4f.b»— s_Jl 3 

f-U-Jl J ^ili c^jl IjJl >i)l Oj^i 4^UJli iiUbNb .^JJI Atu-I \y u ~^\ y ) V - 

y y ^ yib jlil dXiJl fyswJl ty Aj jj j5^C Jblbj 4b» yj b*lC j)l Jjrib bjL« * 

yllaJl ^1 j—>\ tAj y»l)l dU^ JLil) (_£ yr b»>-UP .^i^Jl C-3 {.111 Cj)z^j\ * J- • 

. A*b»ii A™Jl Al>- ^JLil A^uij Jlib jytlll ULA» j iys-y ^l_^l J JljJl 





NVS \ ^jJh* 



. ip>* AjoIa lS^ ^jlL ^av jl ja. ^jL-iaaR ellaJ^H :(11~20) J£*2*S 



iLJl AijkJl :Oj^£jJi 

t . * 
s. j-iaJl ^Jl .d i u..j.> k»_j ^aib Cfz*** y ^ j^b3l c- j-JaJl A-ii y* UjJb- ^ 

j y*0 d-lp OJ-li ^cJ L> I .pOiili ^jjLil J y- A^>*_^/» t^ljbxu* fi-Lp l3l 4 j8j jb (3 j*-^*3l a^* ^ ll 

3 -^j-^S/1 j*-*~ b-1 i_^-j ^ j*P jl ^J^*i L5^ jj-*3l d -^-A C— *IS"j cp^*3l A**l — 1 

■fji 

01 c-blw^b c((l 1 — 20) 3^ - *3l) ^*3b iS jp Ajjibr 3“^” "* 3^3^ 3*^31 c.b— — dl a«««1 T ^ 

3 A-obr ijj^* y* ^ y*^ Uifo 6 * Cj¥. j+0*\ 0 .ibu'Vl ^jLj l/ - ibu'Sl ^ £- — *31 

^LJl (jJ^ ^ ^i) f b"l ^—3b ^>»* I «.*» J .ibu^/l ^pbj c-Lvajij! 3 A^>«-i* bjb ib>S/l ^J*!)b ^3a3l 
it3LS" JJxJb a>*-J?1 j oLb>b ^li 0J-Ji y .JL>-lj Ajy aIIjIj ( jli!l Oji 5 y^y* a j j-*a — m> 

jSLio a y^Uail jw ? y Ul aJI ^ o ^fbl *** J 



liXiLl SU-i 3 . 1 jy 2 uLiM jjLu j^l fjli3 c^ "Ji3i VJ U*" J-^-Jl LLa 3 Ui 
tUaiil OlS" bl ?l*U A™Jl 4j ^JaJi bli b! . 23 ' ^ 3 >^1 J jb= 0 -* JS" «3$S" oUjjjtu *- Jxi: w- 

?Jju lib bj cAj yS\ A-bldrl 3 jJb- Ab«0^j ^ jSLlj tbblj J t L-J>xJ> 

3« * 

OilA-l .AjU; j\ j j y>j\ A-xJ U4 Aiixd! ob ^JiJl jiaJ 3 b«U I j j3 bUJi A-^^Jl *iJ 

Cjl^J> i_ Jill IS" (,j\i r.i^aJl ^ j-^S/1 j J* l3i^ I ^u-ij jljaj ^1 p 

L-Jlil <kS" oJlS" bl t L v r S^ J .cbjJ-l jil jyu jy*j3 V^" Aj 3 4-jjJbr ^1 J J U- SS" 

t+z*> Uj-Lj ^ IS" ^>J b aJL 53 f.b t_»«> 3 b Ji^rl 01 < 0 ^^ • ^j3j *^ ^ ^jc^* AiillS" 0 oA^ C ^ 

3 bT e-j ^3^ 2 ja_flj 3 SL^JJ cs3 ^ b J& tj«w» Jb ll aJL S" 

0 tOjl (OlH dljdaJl f-l0a3 b^ tl>A ^S" 5yj*\ ^ ^ 1 .1 A ArjIjL-JI 

.JbMj -ypT 3 J^-Jb j 0 j^3l 'JLa j^UJ tf*>Lj b £jU! c 1 jj 3-1 jit j^*p jjj^Ij 




y>r\ bl oJL^r AJ!^j 31 O^J .djj^s3l *^-LP J-^a3l 1 -La 3 ^*Jl 3l ^ 

,^bS3l AjU 3 Si yry Aj jf Lip 

^ ^jL*dU AjbLiJl Sjl>- ^ 1 . 1 
.Aj3b ^ (a) 
.Aj3b y*j)S (b) 

.APbJb JLa j[S (C) 

.aJUj" (d) 









4Jui-Ji J>-h i^Ui a jiJl as*lz 



l^Ju l jiJb 



k . 



•Jii3l (a) 
.i^jLiil (b) 
.^jUrl (C) 

.^jU*o d 'y (^l 4^xij *y (d) 

lIj^ 4- jj**d$w* Aj j£ 
.aaSj ^Uj (_£-Ul *UhM ip 3 L*jipI C-^-s^j (3) 

.twil jil ip^u ^liui ^Jp * J^ail ip ^ ^Uipl C^r^pj (b) 

. 4jj jj aL^r*yi ^1 p f. ip j+* ^L*-ipi ^^p j (c) 

t^^l^SsJl (jy tlvoil! j m/s 2 9.8 Lg^jL-J i^ ja J uj^laj bl 

* 

<jp jyAj 4jl Jp b*Jbr y> L4 j*^£*a C— iS"” gJl 

.Jp / yi JLp *UJl but vio *y ^Uii! ^ yUl !Uc (a) 

,i>j^*-4 ip j £* i { ^j ; iijlj j ciJli j tijiJia^ f. y^\ ip ^ Ot ii*i>- (b) 

. jilSuli Lu« (c) 



.3 



ik£Jl aJl* c^*j bl .0 jSLJl ilU ^ (g 100) fl > 4jb l*ikT ‘* 13 / */ c4>Jd it .2 

?iil> iil i)ajjj /y« i^liu c l^lkT ^twalv- ip ^*» ^LjjI iJ^Aj ^JlJ ip j+~j 

g 100 (a) 

g 133 (b) 

g 151 (c) 

.oL. jl*it dJub ^ UL-^ j£jr_ V (d) 

oUb jU> ^P J5Lso) ^JUr Lli. 2 Ji>Ji ^ S*ji ^ 31 3/JJ ^ y>U*)i ^,.,Mi ot 

.s, j^a}\ ip ^Ljl iJ^Aii aj jL^* 1$ip^ 0 jSj Ujup (mm 100) ifl* i 5 jU-j ^>- 

?o ^SLJl i)b- 3 L»JLp U ^JaJ j jSL^ ^-S" 

mm 100 (a) 

mm 133 (b) 

mm 151 (c) 

.oi>» ^Juii dJjk ^jA ajL-o- *y (d) 

dl^-'y^j ( j^a jiStjJ ip ili?Llj f.Liai i^jLx C-i JlS^ lil 



.4 








• J 4j jA (d) 

(^JJl k iJUiil J^Lp yb U J^ai\ 4*j~J £*JcJ tUai AiuL- y dJ >5 ^y>j 3l 

YdJU JLi oliil apL-JI aPj-o Ojt<L« jlp j 4_« y LwwJl 4 £ ^haAj L«wLip 



.7 



1 (a) 
0(b) 



^!U V (c) 

(d) 

U-^» (a) 

j^aJi AP y— H 4 — $.LdaJ Ajyi*-* Lg-^Lj JJP (b) 

. J;u oiU- ( J-£>- lg-^Li ^ (C) 



yp j^i t>* -Up (d) 

150,000 APj— h (Sirius) ci ytJtJl ^ at4l> yL*j *Uai aj^L- c^Tj dJ — if — :il .9 

d» 

c£ y# ( J-^?lyll £ydaJl AP l 1— J yj .Lj^Aj fry*^ 2 -^ AP y* c-Avaj — J ^ tklTl/S 

?aJp (^JJl yft Ui C (Sirius) 

km/s 150,000 (a) 

km/s 300,000 (b) 

km/s 450,000 (c) 

.oil yL*il dJ-ft y* AjL-o- ySo: V (d) 

jA jlL>l JS" y* Aiilisi- £jly* <J 5iy>rjil oIpLJI A^ly* .10 

. Aij J*A AP y- jjS^I cOl>J t A-olij cAxija^* {.y^Jl AP y» jl (a) 

. AJL* y-Uj (^jjl ^yor jil jlls^l £j y* ^^lp £ yoJl AP y- iUjpl (b) 

. 41* y-Uj (^jjl jil jUs>^l AP y- ^Lp £ ykJl AP y- iUjpl (C) 

.aL.L&! apLJIS" v (d) 





uUI 




37 j* lil dJL^r 0 .jL^-'yi iJt* ^cJlSj Js — ^ it J,1 

Aj ( j i **\2i ^ J&± Ju/5 viJbwLl j^Ssj jt ,J-*aJL> . c-^lxSsJl Ajli Jj J* Aj jt L*lp 

lit o j* ^jJaj viJL^OTj Aj j>rSl\ j7 JjJ ^jJ J,LJ\jj CjL 1 J^Vl * j— -J»l ^ 



?oU j/ilili jjjJt y> L* .Hz 10 5 \j»*J W^» 

lO^fa) 

10 2 (b) 

; 10 ||g| 

l|00§i)||| 

. ^Js- j jwlll 

jij^pA jjj| 

^ b' 11 ' -.. • S’ 'J tj '.“^ V 

. A>rix.,»-* Aj jj L ol jAj 6 4 U^w*s?r dij** J (a) 

.AjJj>«-* Aj^jL dTj-*j d yuiL* A*^**or ST y» 4 ^b) 

• i^y ^ d Aii^* «>• J^' 4 (0) |j| 

<* * « T *' |g|| &< V .if,',, i“^ s 

\j^ o»-w-L^ri dT y.i y^* jtr ti] a~-jl*]i y* j> ^y* qS*& i(d)r- 

•'■r'Jfty J>-^ diyt C^^'^''^e)r''r, 

jL>-Sll yaju £ IjZ yi a^pU^^I cA&jM ^ .3 

. o t^J4 *i*y (a) 

,*j y^Sli i ^ai4 (b) 

.u«J» J JjjVl (C) 







.3jU> ^J! ^1 jjS/i (d) 

.oLs*)l lJu^ (e) 
?fckU aJUI oljUJl <^f .4 

. J ^ fc ^yail 4xJjl jUt2^-l AjJL^JlI 4^/JL>Jl ^Ja (a) 

^ jjli daAJ ^ Ojl jJl <LJ j.*a3i 4jcJi<S^ o yciii 4-^JbJl ^ja^J (b) 

,^-lSOl ^ j£L~Ul j ©T yS 4jJb*il ©T ^ii ^S m (C) 

. ©j\*-*3 O jH\ ^L **>rS/l © ytili <L*JL*ji J^iij (d) 

(J5 CtdwOr 4„vw JjtS^ 4 j JL? xil 4-v^JLnJi (C) 

Jir *JUl ob ^Ji ^ J . Jl i^dl ckHz 500 j MHz 5.00 Uib^y . ju*- ^ ^ — £ .5 

?<jy j^V' Oyb> u^j.rs* JUii-i ^ j 

MHz 2.50 (a) 
GHz 2.50 (b) 
MHz 10.0 (c) 
MHz 4.50 (d) 
.©Mp! br ** j tf \ )lj (e) 

LOb 4 -j j*a}\ <L*J-Sn 0b t^/ j\ ^«s- ^ jUa^fi u* y*** *6 

o*l jL-h-* (3 (a) 

<j tjujaij jb^* (b) 

. 4-J>«-L* oljL~* (j JiiJ (c) 

.4-jil^ri <J j-4>- (d) 

.IS" >1 ©Ul j ^jJ JSL^ *J ^ (e) 

4^j*>Ul 2 Ll*j)I ©Jdl ^-UL o*i .oLill oIjJlJI ja :>JLp Jlp ^ <bL* ^ 4^p jl ^ .7 
Jx** jill JJbxOi ^Jb JbJb j .^JbJl -Lo- e->L*^ c~«i j ai!p 10,000 J1>*J 

.y*d\ (a) 

. y*d\ \a^.*yj* (b) 

. y*£- (C) 

(d) 

• j»* (e) 

4-^cdl IjJ^S chW J* l fs ^jS Lp iSj/ ^Jr u ~^\ JA f^UJl tf*}\ ^buil J^p .8 





dJUJl oUl 



■ h Jr' (a) 

,J*LS (b) 
•Vj^' (c) 

. J J~\j LU £-£ jSLio 2j^L- &£ ^ jTjS (d) 

p 

• 4j 3’?^^ ^ j ** 3 -* 1 (c) 

^ip Li Lwwjlj^ aJsj3j L*S"* tL^JLL* ^lp lIjLpLmwJI ^-X*j ‘ * 4P j** 3 , ^O^Xij g. I ./J t 4.LuLw«< ^ .9 

j kg 60 ^Jlp clLiiS"* <1)1 .4*A*jJail L^p >>i-l«> juw Ut5" j 

tHu.d - Jl J yi-Jl frbJl LfdiS' iikiJU> c -IS til .^j^l LS — l* kg 60 t-f: bS " j 3^-i— it J 

?jj Uf Ja*-!>b_i 



kg 20 (a) 

kg 60 (b) 

kg 180 (c) 

kg 540 (d) 

.ol» ^Ull ^ -Vj jit ii j** jjj U jj ±ijJ- j$u: V (e) 

Ajjjal ^1 oba jJl oli (EM) V-X’ jr I _r*Vl .10 

jv*d y (a) 

•V-*- ol>i ^ ^jb *"-^1 (b) 

.tijil <J5 xL c-jL>L-A jL t ^it^l ^JaiwvJ (c) 

J^-io (d) 

.yj “ ff-Ua* f-L^I (e) 

4d*U aJUI oIjLjJI c^! .11 

^ * *• 

• <y yx+e *■ y- y f-^aJl JLt ( 3.) 

Jl j^\ 5jJi l*lp ajJ^\ ^JJJ; (b) 
.^\ju^^\ J*UJl j> j£Li y 4jliU ^ jA\ ji (ELF) (c) 

.(IR) o-£ a*^S/' y (d) 

-ijj^ y yaif x (e) 

ccJr jj ^ J .12 

.5 yJL* AjJ^w* <L*-w*Jrl 4 ^U JLaJI ^a) 

.6 j*A* A*I**Jlj A**®»***i-I ^jA ^ (6) 








. <U^xJl d ^juL* oi jit (C) 

4-wnUjtU Ojti^j j ^jA (J j!b\ 4^» JjtU ^ j^\ (d) 

.A^^Jr\ 4^JjJJ OjjJiJ ^jA j*&i\ 4.mw,)1 4^-JjJD ^ j£-\ J ^lali (e) 

jjJjiz} i)y^<3\ j+s* .13 

. j^S3i f*o- (a) 

£*Jxv- djl^»- 

•OjjjSn aaJ? (c) 

• £^1^ Jl (d) 

,o^\ Sjj\£ i £ f J N (e) • 

iw*Jb * _^a3< l_-> y£> iP^~u 4 J^jLv il L«JLlp” :*JbJl <Urt j ^1 J oil ^ *t . 14 

."_ lils"j 4^>LJl jza c-JI jt ipLJi j$ ia:~* it-JI ^1 



x~± jy~* (&) 



.<*»>> (b) 
W (C) 

.iJLi N ap^-w- j ju-J (d) 



• jy-^ (C) 

jt U^Uil j-iJl fcy? c^oi .15 

.bljjJi J j>- bsLil)\l 4-Jj-^aJl c'^ 1 < a ) 

. i*~5^bc> 4 ^jIj b>w» c->U ot) j yiSll^yJ (b) 

* 

. <+*- j* 0 /2jL^>- ^ ^ll «. j-^aJJ (C) 

.£jli d^lil (d) 

j jUri'yi £k~J v*^ 9 J (e) 

ib ikJ y. U ! jA <Uij /y* c LflL* ^1 p olpbJl jJL J b~4 ip^-u jiJbJj cUai ^-jL- jf — »! .16 

bjbJ\ iiiT o ^5^ ib^i* bb 50 d^Uii b jSLJi 5Jb£j! cblS" iii .ip ^4 lib 

?b *JaJ yU *Jt J* J* ^ ^ 

#> iO 

.Ly. Us 25 (a) 



•Ij j> Uk 50 (b) 
.b^. Ub 100 (c) 
.b^i* Us> 400 (d) 





sLi\sS\ 

.oL* jl*il y -bjil A 3 jKA (e) 

jJiii jIJ .m 120 ory> Jjk EM Ji^ .17 



.EM J*>- (a) 



Ory (b) 

■(Sj^* *» r*) **d» (c) 



.*1 jJ-l Aili* (d) 

.x Aiuil a*U» (e) 

^ L^jf J JS-s ■>■» ! >! jl y$\ <j Oj^j jt . 1 8 



' c ^ **** ^ ^ ( 3 .) 

aL^JI a jJU (b) 

(C) 

. V>. j^t *?p^M ^ (d) 
y^ <J ^ (c) 

?ajl 1 s»L>- aJLJI otjL*Jt i£\ .19 



.^liJ jJt £j-Jt j£\ ^vaP-S/t ff-j-Jt jj-ijit ^5^7 (a) 

. ^Lftjjdt f. j-JJ AJL* j.-ss.y-^j I £.j*^aU AmmJlIL j a\s y~*i 4j*A>«-* A^«^-L>r j Au*JL*J yM J jjait (b) 

,a]ou^j Aorl >-j A**UP (j f- j-Jl j£ m L*-UP (C) 

> 

.l$J ^Juil * j^aJt 0 jJ ^ 1 p ^U-jJl aj y (d) 



. g^p! G^jtjJt (C) 

^^StvaiA-t gJU&j aJojI y>»j 4JU-fljaJ> f yj\^2^- cL>% 4 caJ yLzJ ^AJt Ja^- j)t Lt L£\ £ Jr .20 

. jLi^l ap^ j tA^- jil J jkj ylt (a) 



. AP tA*Jlj 0 . 3 jS\ (b) 

.jjA Jlj COs-^il ^j^-ij tAJt**Jl (c) 

. jjjJlj tA*Jlj tA*- jit <Jji> (d) 
.AjcJIj AP^J tA>r jit (e) 

<.LLp t^jJiii ^-iSsJi c_j j^Jbdj ^JapS/l jjaait .21 

.A*u*it J*y, (a) 

(b) 








.paraboloidal ^jJU (c) 

v>» J>JL (d) 

•c^ ( e ) 

iiuv jA\ jl ^aub^di S-LiJl oli t\j+U ^J- .22 

.-d^ri jl o j\j>^ 1-4 (a) 

da^l^j ^jSjCj (b) 

• j' d^~ ^ (C) 

. 4a]\j jl ^>-1 SjJi U (d) 

til fj 1 ( e ) 

^^Lp l/j t B apLJI j ^ apLJI OLpjj cajjJ! ^>upL- j J^j — *23 

J! UL-ji f j cAJUa* '*S j* Jj> J± B apLJI f -ut 0^1 Jj£ .UJb 0 Lj__£; 

bUi .4JUiL*Ji Jjlj C>y <ijtb O y*- .C-Olp ^ 

.AiJb yciil jL* Bj A OUpLJI JljJ ^ (a) 

.5 <pLJl ^p o j>\ia A <pLJI (b) 

. B <pbJi j* ^4 <pLJ' (c) 

. L^db - j ^jL*w ^1p ®^ApI ^ (d) 

bf 0 jLp Vj (e) 

f.UL JUPj te— ^ (3 4++-***^r\ 4^-JjdJ ^5 j£-\ <J ^jaJl l ^JaLJL>*li 4d*drl <3 ^ jdl a\ .24 

.” tOlj £ 2 ^ 

•jst^dl (a) 

,^J\ Ji>- j>by (b) 
.AJjJi ^yiilsJ (C) 

. ab jj (d) 

•j>^ ^ (e) 

yJ od^ £,«*£; AAj>- ^Lp y^lj ( — c< <2d^ j— ..< t t .25 

jdld! Id* jt S-*^ - <3 ■> j-SJ lL~iS" 

* 

.is * _,il jUit (a) 
.jU&^l (b) 
.^tJJl (c) 

•J^** (d) 




siJlill otJl 



• ^ ^ (e) 

ot jilSCiJi oVb- <j '-V u^i -26 

.^jUJl o jiS" A-jili-l 5 y (a) 
.^jL~i)L aj^j^a AkS3l 5 (b) 

bi tolj f.j-^1 AP ^ (c) 

. AiSl^ 1 <p ^ s- AP (d) 

•r^ «/■ jjuiaij ^ju j^aj\ (e) 

?L>>* LpU- 5.1 ^ (djl icjf by ta) aJUI ^bu^l Js»Lc! <^1 .27 

.AjUU 4^aA9tdl obi y]i (a) 

.x “ Ax^f (b) 

.L*tp Ax^t (C) 

. A*—**? ^]l A^j^SOl <pL»^ w jrl ^d) 

.4-Jj^ d*)Uf J?Ut (e) 

^ ^4* .28 

( a ) 

(b) 

(C) 

(d) 

.d } j^/i\ (e) 

L^j! oy ^ L. .km/s 150,000 ^ J — J a^u. oiL. ot J? p\ .29 

0.500 (a) 
0.805 (b) 

1.00 (c) 

1.24 (d) 

2.00 (e) 

Aw?jSM jcub-JjjS/1 AaJ^ .30 
.tU^All aj_*o 1 yi (a) 

x a*-M jS' (b) 








• bif* (UV) <iy IpUAJ ^ (C) 

.(j^ (j^* O*** otptiJ jl yirl Oliulsft 3 ®^j^r j-* (d) 

frUJl (e) 

c£ >4 or^ll ^y orjlij A. orjll c3yk! <3 (jy? y^ Cs? — ^y* \j°j m 1 ^ *31 

?,ju^ yll jyU ^p Jji of U^r li>U .Hz 2,500 iS^y. B ^ ** yj cHz 500 



.A Or yll dP y-* 1 ^JLj \£ j***j B OryLl (<l) 

.B Or jil 4P y* *— illW?! 0-J^“ *JLj 4P y~J A Or jit (b) 



,A Or yLl ju/^\ B Oryll Ajlam 

.5 Or yll 4 jc**» t-3liCspl O*o^“ ^4 Or yll AJCu* 



cM ( c ) 
cM (d) 



,^-ptjj jL>rjil JaJ y (e) 

g,l^.v\j ^L L* J5" 4jflu*ly ft yJUlM j\ ^y^s-C .32 



jl—Jl (3) 
.oiU-i (b) 

O^-uJt 4PyJl (C) 



oi t'J* 2 ** *j_y {.y^aJJ ***** 






. tyydill ^d) 

.OmmAamJI ^Ij ^J l 

j J&) JlJlill 5 jL*5l J jib I %.\ .33 

. ' -XS' a l. aj 



.yuAi (a) 

•J^i (b) 

•kj* y+ (C) 

i 

(d) 

.< r ^4 (e) 

^ j\ y y3 dll (^ull Jp 4 <L^... ,«uL Jt <3 j> O-i^H £jA *JU)l jl Jufcdt jf <~3^ydl .34 

(. Uii. m L L* ^— - ;***^ -LjuII (^JiU 

. Ju*Jl ^Jtll ^^Lp yiJi JLP *pL 1I ^UaJ (a) 

.4~JU» ily jJt (b) 



.-xU-1 jUft^- (c) 

. (J <3 jjSli c.lil (d) 





OJtilt cjUt jLs^l 



.OjjjS/i ibL^-l (e) 

4jl babuls'"! 44 a1x£- <J5 ap j +m L^jy A 3 b) ^-w«»L^w* ^-li L*jlp .35 

.frUaiJl j jSfl dl4b Ua_»T s^baJl 4P j (a) 

A%~ j>- db^-b f-^baJ I 4P (b) 

•W*-* J-*^' J=H S '- r >~- 3 (C) 

. obfel^^l 3 bg-»*»A> Xfrj** (d) 

.ajOj f. ^baJl 4P j* Jj^ ^S m )l (e) 

AP^ jt J^odl i^jiC: Aj\ Jt> j*\ ? tUaiJl j EM jl <JUl oljL «Jl <^1 .36 



J^ 1 4 > >b, ** j& a* Al ‘*a^ ^ ^ jLJuiNI 

. ^llb Jjla ^P 

* 

,6&r b ^ i.* && j+m (a) 

* 

.Or^il ^lp 4P ( 6 ) 

* 

.jjjJb bj^ba* ^ ydl ^ jL-J jUbi^l 4 P ^ (c) 

.4^- Jji? ^^bp ‘b»j-*“-a* jLi-Jij'yi ap jjjJl (d) 

. 4 >- ^ii J jJaj 4 j j^ba* jL-o ^ yd! (e) 

* * * 

L_-J ^ij 4 jUJJ ^b* CcJuiS" Cp-lji* ^Ld yL J-4*j 4-J* ^yP Ij^U? bJjb* bpl*-5> j! Jp j&\ .37 

45«wjJ ^JLJi Jl .^.ljgll p-~Jrl J J>- 4-jJ jyP oJS' j^2J . L« 

.^-jJ! (a) 

*» 

■y^i c v . j-rt (b> 

.^sUOJl tUi'jU (c) 

.t5_j/3l ^jJJ (d) 

(e) 

Jl tjjjjty jLjsji ^ y^o\ jyij .38 
•'j_)jJ^' <k-l_j; Aiy_}\ J>\ (a) 

, 4 .y 1 1 1 i -* ^ U«-aj^l Uaj I (b) 

.4-vSjSll 4 S i^ j]a . u . l l c-jUaiS/^ { y* *— *> ^alb < J -- 4 (C) 

•'jJjJ^ 1 o15 ^ ^ (d) 

.^1 gs-Jl ^ (e) 

U-L^4 .blip jS** ^il 'A.A J -4 ^ (J^*^ 4 »b;^ j UlP 4ilbi aJ*& 1 £ L A~ 

A j* (j dJ-b^ « jbp jAj 4 ^ ^ L^ail 4 — £*j [Jj b? 





j4jlt j j tOU-Jrt j y*l oUl 




ijy* jf- 3 jLp _jAj tjljaJl j Ut? LS yjy l*-L*a* .j£T J^U-jJt 3 J>3\ <J — Ibj 

jP oj^Uail <L? a3jIa* j^C, t-J>«^ .5 ^l^ail $Ldajl dJ-L* ^Jraai 

#> i# 

.L*U? ajL ^JajLjj 4^*5l-w^ l^>r jl>- Jo- 1 wall ^5^ j/* 4*Ji»S/l l£ (H) 

^ j^Jj C<Orl>rjJl 0 pi <j Jb ^3*jJl ^4 ^l.yflU 4*-il 7 (b) 

* 

. <t» Jl>w» J? jja>- L?fjl>- B Jo* 

4ju£»SM j^3j cAorlarjil a ^^Jl ^)a a) Jj o4 ^L-vaII jP djilwaJl 4*-£»Sn *-j->jLai — 7 (c) 

, 4 * * ^ J£**»A Ja j]a>- br^l^"' 5 jo* 

aijUL* 4os-U-jJl a ^£ji jo* ctjtjjj UJLP Jji"t J^Liu ^ Lsoil jP Oj^UaJl 4* ity JLpL Z> (d) 

.^WjJl £ J N gJl 5 c 4^i' o* SjiUJl JUiVlj 
.oil _ji*il -ijjil ii J*-* OjJ Ai jliil f I jSrt J-5"iO-o (e) 

aa ,ji\ IJla ^ jL-i .MHz 900 ji«il J-UJl .aay cJJU .40 

.9.00 x 10 5 Hz (a) 
.0.900 GHz (b) 
.9.00 x lO" 4 GHz (c) 
.0.900 THz (d) 
.9.00 x 10 8 kHz (e) 
y> ELF ^ f U)i ajjll .41 

( a ) 

(b) 

jL" a-» /. dlL. (c) 

.i-~J“ LU (d) 

. Vlf si&\ L»U)I Ja st- (e) 

LLp j _^J l i^jil i_TUil oljsltdl u>i>. ^ tJ" >1 ^1 J .42 

# 

.W?r 4^wlP Jo* ^JU <L****Or oT jA (a) 

.tjdjU JO* AJlIaJI 0 jljb (b) 

dr* (C) 

A^xJjcSlj Ju tiLA\ 03L (d) 

.4yLjJl ^ ^1 wL>«JU-\j (e) 

Sk-l^, jiLio.V J*»bU A-—JI i Jii cay US' axJl O _,jl» ollj ^ .43 




tUisli ouJi 



. acI“£ (J ^ Aj j-Ul cjIpLJI j 

* 

.Sj^j ^ LJl b jlj dj^j U-Up ji . JL a jjj£. c-^OaJJ y*" j' — >*b!' ^yLS (b) 

.a 5^ ylO A*j ^ A-5" <3 c- b radi i f.L^-1 aJI y (c) 
.^j^l ^^Ip MUi^* apL- 5f.l yL 3 yUaJl h jJUl <pLJl 3 c-' y aJjUL* (d) 

L*- y£d! Lg-L.3^ olp^Ji j oJLb oU] V ^!Ap1 ijj 1 — £ cf 1 ^ j (e) 

.*JU4 

*1 

4jt ^Js* <a*pj jSo: U ss j j L^iiLU JS" £ ) ^>\ br ^il .44 



■£?>• ( a ) 

(b) 

.<t±A ( C ) 

.jLiu>* (d) 

(e) 

-la 3t ^l*Jl AP ^P ^tjbJl ayJuill .45 

AP ^ oLp ^ <3 (a) 

^jL^J Ujlp (b) 
.^1 aT > 1 J> ^ (C) 
j' AjIaJJ AaJ^JI ^Lw * orS/' (3 (d) 

, .c-by- Jl (J (e) 

JUJl jSd\ ^Ll j^\ J Jii-l j*p oi .46 

-{ J ^ ^ ( a ) 

.oi jitjlS 0 3jp Vj Or 4 c (b) 

• s* i** 2 * Vj Or* t (C) 



.3jU^|l y+~A Jp (d) 

.A^JL^xlwJj Ajyjl ^ jj ^lp ( e ) 

bl . AiljaJl y* l,^«<.a.) a*«^J1 ^1p 1$ia J5" Li-y~ loUyy ^y Oy^j AOy/ 5 A*y- O' y? yii .47 

JT J SlysM AilUi O^JL^- liu 4(UV c^l) 5 AJ^OaJl ^\ y H\ 

?0jj y 

'J& c) ( a ) 

>/3 * « ** (b) 

* a 
.Ux O? <jj A-«^i^ (C) 




(frUailtj ^Lll 



.AJUSfl IfuJ 1/5 (d) 

.Ajji^Sn ^ if 23 ^c) 

S-?~H 0^^' Ja*! <j 0 Jl j^-a)( jr $Jsu .48 

• cS c - Cf j ^ i-j'Wi «■ yj^\ jLtjl (a) 

• (£ J^**^ jJ/* A}a^\y j ^*Sfl c-j^aJl jlilll (b) 

.LJb 0 j^>J J a 1?L* 5j U c iyW j jJJ jUJl iJ*>b»l (c) 

.Li** <^jjki <j olj.iJl (d) 



* > ~ - . - * -> 
. 4j JL>»_* Ays* 4-w-JLP j 0 ^juL* 



- 6 -^. - . s< J> 

, 0 ^*A* 4-J»aP 4-w* 4«J 



.tSj*& ■> (e) 

^ I t-bx^v 1 j Apb./J .49 

5*>-jlp (a) 

*■ i-Jip (b) 

i J „ .7 

.0 yUlA Ay+£- A^mSS' ^ 0 I 

„ i ^ i ^ 

. 0 yUlA 4mP 4»w*0p^ 0 yULA 4**JLP ^d) 

.o^pf ^jj Lf <^f (e) 

( JJiJj Aibljal/* LftJ&b .> j ,(,\ jJ>) (J OlT j>*Zj (.B Or jilj A Apr jil cOb^f jb>- yA Jbr y <5 1 yP j&\ .50 

d j_ft ^jp J yu of tu^JT. liL* Q+M B Apryi\j 4 <XJ jA Apr yA A .HZ 800 

.Hz 800 « -jb\ J U^iSU? Bj A OP* blT jT J (a) 

,B 4j»r d jjJij ^jP v4 ^ ^>* (b) 

.iiliitf- olp ^*mj 0 ^>1 j Bj ^ OL>- jil ii y*3 (c) 

. jliilii^ B j A op*j^ (d) 

. UlLs- Bj A op* ji' J (e) 




lO 1 o 





2JLu-S ^ t J v>Ul J+ S^lll ^ jUw*^l \1* 

75 til &JL*- a^jJI j . OUu/tfl ^cJLiJ jlp Jl Jjw V 

(klijljLjfl ^JJJL (^fjb JkJ jl ^*,^3 flj AjLA <J 62 jA 4j ^ rSft jl L^Ip 

.4^ J>-1 d y* jL>*iVy! AXj C...*Pj lij 4 j £ XS ^jj j liJbbjJuLj 

jJb JL^L .m/s 100 g 0.125 jl^U*j. j£i ^JLp liy^* ^ — »~u? 

? 4 J&JLlJI Ajj^Ijl* Aiai“ j*-w 4 *AwU *£ A+aS* ^Ia-> 

.0.00125 kg. i^a/s (a) 















jd J- 3 * c-<jj Ja-£ ^ 




.5 ^3\ Aj J jJJ 4^iJl <J jL>A\ ^ ^2 ^*U 
.stl^ jt L y^\ J&\ t aJjLowJI aJU- 1 3JU> flOL* £jA 4JL*P jJj ^* xlj 43liaJt ^jA AX^u* 



K&mm 






mM 






\>^V- 



.OjjJl f'^' 3 c ^ a,f J* villi':^* .2 

5 ^l! . AIjIj Ajjlj *•* J*~4 . p 

.dUa** 4-1* j Ajai* 3 ® j^Jl a 5^ ^J*- 4— *ij al^ 

.^JUUIj J^Ul) UiU; j^ (li) 

<» rf> ' 

.liiip '-u*j £• jt>JJ Ulti 

I'ffe 

.jjii V ip 



WlmMM 

®m ?m 



O I 







•Jss-^l olt (a> 
(b) 

.^*L.JJ^1 Sjly- (C) 

. jb^JUl 4jlis (d) 
.43s- AjaiJl (e) 



4jli djJli ^Jp tal (. ^. J a * '• a A£> j+ji .4 

** # 

. 1 ^: j-Li L*5^L^» ^ -» J (a) 

- * 

.dU*«3 L5"t~* £j*Pj (b) 

(C) 

.4P j-Jl (d) 

.aT > 4^r d ^ (e) 
ac UL fc .5 

.j^]aJl ^ 4 j»tj 3 60 (a) 

.JJ Jail j 120 (b) 
.JjW ^ A>rji 180 (c) 
.jjW c) A^rj^ 240 (d) 
.jjWl <j A^ji 270 (e) 

Joj j£- Vj .£v y^' L 5 l p y* t|iH 30 1$^* oUi* 4 — j^j .6 

^ ^JLp ^ APj^jsfc^JJ (jL^aJi ^jp . j 



.^H 30 (a) 

.jiH 90 (b) 

.fiH 10 (c) 

.tfci jlil ac **J J* wUi*j (d) 

(e) 

yi 1 ^ Jjty J3l— J' £■* LJL»^ J^-lia JJL» jL>ol iJjL«j • j» tj-* ^ ,_/» j — y' .7 

* 

aJL^a LoJ&| . Lo. ^ *pnj *_* L^jJC jic 

•c^ 1 ( a ) 

(b) 



•.aJI^I j (c) 




JUsVJll 



•C Uaj V (d) 

jy (e) 

j7 — 5 t£-U*Jl J m »j'-> $ -8 

7 <*** j f jf 5 aIpLI* (a) 

7 <2y~- aJlpLo^j 5 ojUL* (b) 

7 ^ a1p\jL*j 5 (c) 

•<fs* i j^-A) cj * 5 ( d ) 

# 

,6*>Uf ■> jj ^ jW ^ (e) 

jl$jt <y cj^j dc ‘X^ ^ <3 L*-Up .9 

•-V 5- ( a ) 

J*4 (b) 

(3^^’*^ cT”^ J f iiij Sj^aj Jij (c) 

. 4,</? a>LL* dJd»c (d) 

.UU U*j y£ i^JULc (e) 

olijyjJlj oUyjjJl .10 

fi 

.A>-i oU jyJI dll^ V yL oUyjjJt dlH t L» yu aJL^JI U (a) 

* 

.‘LvjflxiAj aj jL^l* aJIj yjT obO dlli£ Ajjliii Jj^Jl (b) 

.aJjjUzi* yb y5" obvi dllxf ^SsJ j IjUS" Aili£ J^jl (c) 

.z y^\ &j~-j il yo j yL yff Aj>«-i N j aIiS" dllxr V (d) 

c^-da-s^l bl ilJ (e) 

dUi <y ^Jb C~Pj iii .y y UJrb ©jJl£ yyc* y X pL-JI XPy j\ ^y>j xi! .1 1 

* 

bJLP ^Jbxi-w^- .y y I juJU a^LJI Xp 

.d y cJlIL j>Sl (a) 

.5y Oj-k.yTf (b) 

.5 y cJiJL yu^t (c) 

. cy j yJ-C. y-^f (d) 

ytJ~b (e) 

isi i*> jai jUi oii SjS <4^i ^ j-kii Vri jit ^1 ^ .12 

.JL^b^ VjSfi UJtfl oJl^ (a) 




<j*j lij tO U y^i j oL)l 



.UiJy* Jo* y>*^\ d\£ (b) 

■»J 3 Ji »J 3 J* ^Xi— ! Oy (c) 

.UwJt _)t y-Ujl^ iiiU olil cJir (d) 

.aJU i * jUil oils' (e) 

ol_j j^SvjU a>-)j .13 
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